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Preface 


The impact of new technology has made necessary а second edition of 
this book, It has been thoroughly revised while still providing complete. 
and detailed descriptions of all the basic machine shop skills and the 
related techniques, It is written for the beginner, as well as for the mor 
advanced craftsman, technician, amd manufacturing engineer. Whi 
great advancement in the numerical control of machine tools has been 
made (treated in Volume 2 of Machine Shop Practice), the actual ma- 
chining operations of these machines are identical to those performed on 
the basie machine tools. Thus, an understanding of the basic maehine tool 
operations and other shop procedures is essential at all levels of machine 
shop practice. In many shops metrieation is now a fact of life; thus, SI 
metrie units are introduced in this edition, without, however, suerificing 
the application of the customary inch units which they usually follow in 
parentheses. Metric serew thread standards and the methods of cutting 
these threads have been added. New cutting tool materials and new cut- 
ting tool designs are diseussed throughout both volumes. A unique feature 
found for the first time in thi book is the method of estimating the cut- 
ting speed that will utilize the maximum power of a machine tool. Much 
additional and invaluable practical machining information has been 
added to the second edition, which will be found helpful to machinists, 
whether they are beginners or morc-advanced praetioners. 
T would like to take this opportun 


к 
many of the changes in this edition. It is with much regret that space wi 
not permit singling out by name all of those who have helped me in th 
preparation of this new edition. 1 would, however, like to special 
ute to Holbrook L. Horton of Industrial Press, Ine, for his valuable 
suggestions and his meticulous work in technically editing the two 
volumes of this edition. T must also express my appreciation for the 
encouragement and assistance provided by Paul B. Schubert. Clara 
Zwiebel and Maryanne Colas were most exacting copy editors with whom 
it was always a pleasure to work. Fi have a special word of grati- 
tude for my wife, Wilma, whose untiring effort in typing the manuseript 
cased the burden of preparing this edition. 


Preface to First Edition 


А very large variety of machine tools is used in modern machine shop 
practice. Many of these machine tools contain sophisticated devices which 
are derived from the latest discoveries in science and technology. With 
the ever-inereasing knowledge of science and technology, future machine 
tools promise to be even more complex to satisfy the demand for more 
productivity, lower-cost productivity, and greater precision, However, 
for all of their advantages, the more sophisticated machine tools of to- 
day have not replaced the need for the basic machine tools. The basic 
machine tools are still required to make precision parts for tools, dies, 
machines, instruments, and for all classes of machine tools. 

The best starting point in learning the principles of the more complex 
machine tools is still to learn the fundamentals of operating the basic 
machine tools. This can be a stepping stone to a career on the manage- 
ment level in the metalworking industry or as a designer of tools, dies, 
and machines. It can also lead to a very rewarding carcer as a skilled 
craftsman, such as a general machinist, or as a tool and die maker. 

This book is intended to treat the operation of the basic machine tools 
and the technology which supports these operations. The skilled crafts- 
man must be able to operate machine tools intelligently. His ability to 
advance will, to а large measure, depend upon his ability to apply the 
supporting technology. The beginning reader may wish to bypass some 
of the more complicated topies and concentrate at first on the principles 
‘of machine-tool operation; however, he will have available for future 
reference much very valuable technical information on shop theory. 

The teacher may likewise wish to bypass the more complicated topics 
in his course of study when using this book. The inclusion of more ad- 
vanced topies in this book is an added dimension which can be used in 
the advanced vocational and technical courses. For the beginning courses, 
the procedures for operating the basic machine tools are treated in depth, 
The more advanced lessons can be used to show the extent of the tech- 
nology of machine shop practice. They can also be used selectively as 
added assignments for the more ambitious student. 

The treatment of the operation of the machine tools in this book 
makes it possible to use it in the shop. Since it is rarely possible to have 
all of the students operating the same kind of machine tool at one time, 
the reading assignments сап be made on the basis of the machine tool 
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that the student is learning to operate. This book cam also be used in 
the related course in which machine shop theory is taught. For this 
course the subject matter is developed in an orderly and progressive 
‘manner. The questions at the end of each chapter ean be used for review, 
for homework assignments, or for examinations 

Т would like to take this opportunity to acknowledge the debt of 
gratitude that I owe to the many persons who have made this work pos- 
sible. First are the teachers who, in the classroom and in the industrial 
workshop, taught me the basic skills and principles treated in these vol- 
umes and who inspired me to continue my career in this field. It gives 
те a genuine sense of pleasure to include their names in this book: 


Orlan W. Boston. Clarence J. Metagar* 
Lester V. Colwell 
iam W. Gilbert. 
Herman Hermann 
Frank Kiefer* 
Richard О. Knight 
Robert E. McKee. 


‘The acknowledgments in the captions of the illustrations give some 
idea of the help offered by the machine tool, and allied industries in the 
preparation of this book. The generous help and cooperation of the per- 
sons and their employers who furnished this material is most sincerely 
appreciated. It is with deep regret that it is not possible to list here 
all of these individuals, and their firms, by name. 

T must also express my appreciation to Holbrook Horton of the Indus- 
trial Press Ine. His suggestions and corrections contributed very materi- 
ally to the clarity and accuracy of these volumes. 

Lastly, I am much indebted to my wife, Wilma, for her constant help 
and encouragement. To her I tender my very best thanks for deciphering 
the original handwritten manuscript and for toiling endless hours at the 
typewriter in the preparation of this book. 
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CHAPTER 1 


Basic Metal Cutting Operations 


‘This treatise deals with the principles, tools, and processes which are 
utilized in all types of machine shops or machine building plants. The 
information is largely fundamental in character, and the various tole 
and processes described are applicable in making many different el 

of machines and other mechanical products. While machine building, 
in a broad sense, embraces every craft and process from the making of 
patterns, castings, forgings, stampings, ete., to the exact procedure in the 
finishing and assembling of parts, this course of instruction applies prin- 
cipally to the work of the machine shop—because of the general de 
mand for such information—and its usefulness in technical schools 
and in the industrial training departments of manufacturing plants. The 
application of different types of machine tools and machining operations 
is explained. It will be noted that many of the operations described can 
be performed in the same, or very similar manner, on different machine 
tools. For example, boring is done on a lathe, a horizontal boring ma- 
chine, a drilling machine, a milling machine, and a jig borer. An aware- 
ness of these similarities is very helpful in mastering the skills and the 
related knowledge required to operate machine tools. 


The Work of the Machine Shop. 

‘The work of the machine shop in building machines is to make each 
part to the required shape and size. The unique feature of all machine 
shop operations is that the parts are precisely formed to the desired 
shape and size by removing metal from the workpiece in the form of 
chips. These metal chips may be very large, or, as in the case of grind- 
ing operations, very small. Assembling of the finished parts is, of course, 
the final job. The material which is to be machined is generally in the 
form of hot-rolled bars, cokl-drawn bars, centerless ground or machined 
bars, castings, or forgings. Tools, dies, machine parts, and engine parts 
frequently must have very precise dimensions and smooth surface finishes. 
‘These characteristics can sometimes be obtained by other manufacturing, 
methods, but they can usually be achieved more economically, and to а 
higher degree, by machining. Value is added to the raw materials that 
are processed to become machine parts in the machine shop, by virtue 
of the work done to change their shape, provide precise dimensions, and 
create their final, smooth surface finishes. 
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Machine Tools 

‘The general term “machine tool,” is applied to various elasses of power- 
driven metal cutting machines such as are used in machine shops. Most 
machine tools change the shape of a material by producing chips; how- 
ever, the National Machine Tool Builders’ Association includes power 
driven presses in the eategory of machine tools even though they do not. 
produce chips. In these two vohimes, however, power-driven presses, such 
аз are used in the stamping and forging industry, will not he considered 
since, generally, they are not used in the average machine shop. 

Machine tools ean be considered to serve four main purposes: 


1. They hold the work or the part to be cut. 

2 They hold the cutting tool or tools. 

3. They impart to the cutting tool or work—or hoth—whatcver 
motion is required for eutting or forming the part. 

4 They аге arranged, ordinarily, for regulating the cutting speed 
and also the feeding movement between the tool and the work. 


In the production of machine parts of various shapes and sites, the 
type of machine and cutting tool used will depend upon the nature 
of the metal-cutting operation, the character of the work, and, possibly, 
other factors sueh as the number of parts require and the degree of ae- 
curacy to whieh the part must be made. The development of machine 
tools has been largely an evolutionary process, as they have been de- 
signed to produce parts meeting increasingly stringent mechanical stand- 
ards. Developments in power transmission, accuracy, and control of 
the movements and functions of the machine are constantly being i 
corporated into the design of new machine tools. 

Machine tools are built to produce certain shapes such as cylindrical 
and conical surfaces, holes, plane surfaces, irregular contours, gear teeth, 
ete, Many machines, however, ean produce a variety of surfaces, Thus, 
machine tools are built as general purpose machines, high production 
‘machines, and as special purpose machines. As the name implies, general 
purpose machine tools are designed to be quickly and easily adapted to 
a large variety of operations on many different kinds of parts. They are 
used extensively in jobbing shops, repair shops, and in tool and die shops. 
Sometimes these machine tools are called job shop machine tools. Pro- 
duction machine tools are designed to perform an operation, or a sequence 
of operations, in a repetitive manner in order to achieve a rapid output 
of machined parts at minimum cost. They сап be set up to machine a 
variety of different parts; however, their operation is economical only 
when the quantity of parts to be machined is relatively large. Special 
purpose machine tools arc designed to perform one operation, or a 
quence of operations, repetitively, on a specific part, These machines are 
usually automatic and are unattended except when it is necessary to 
change and to adjust the cutting tools. They are used in mass-production 
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shops such as are found in the automotive industry. Numerically con- 
trolled machine tools have their functions programmed оп а punched 
tape. The tape may be made on a tape writer in accordance with a pro- 
gram written to produce the required part or it may be made from a 
rogram determined by a computer. Numerically controlled machine 
tools achieve a rapid and economical output of machine parts when the 
quantities to be produced are low or medium. They cannot cut metal 
апу faster than can other machine tools; however, they reduce the amount 
of "cut and try" by the machine operator thereby increasing the output 
of parts, They are particularly useful where repeat orders for the same 
part are encountered. The tape containing the information required to 
produce the part can be stored conveniently and reused when required. 
Metal Cutting Tools 

‘The metal cutting too! separates chips from the workpiece in order to 
cut the part to the desired shape and size. There is a great variety of 
metal cutting tools each of which is designed to perform a particular 
job or a group of metal cutting operations in an eficient manner. For 
‘example, а twist drill is designed to drill a hole having a particular size, 
while à turning tool might be used to turn a variety of cylindrical shapes. 
In order to sever a chip from the workpicce the following conditions must 
be present 

1. The tool is harder than the metal to be cut. 

2. The tool is so shaped that its cutting edge can penetrate the work. 

3. The tool is strong and rigid enough to resist the cutting forces. 

4. There must be movement (provided by the machine tool) of the 
tool relative to the material in order to make the cutting action 
possible. 

Modern metal cutting tools are made from tool stccls, powdered metals, 
ceramics, and industrial diamonds. These materials can be made to be 
very hard and they can retain their hardness at the high temperatures 
resulting from the metal cutting action. All metal cutting tools wear as 
the result of stresses and temperatures encountered in sc 
chips. The rate-of-wear must be controlled by the appli 
correct cutting speed and feed. After wear has progressed to certain limits 
the cutting edge may be resharpened by grinding. Ultimately, further 
sharpening is not practical and the tool must be discarded. For this rea- 
son metal cutting tools are classified in industry as perishable tools. 

"There are three basie types of metal cutting tools: single-point. tools, 
multiple-point. tools, and abrasives. These names are quite descriptive. 
А single-point metal cutting tool has a single cutting edge and is used 
for turning, boring, shaping, and planing. Multiple-point tools have two 
ог more cutting edges such as drills, reamers, and milling cutters, Grind- 
ing wheels are an example of abrasive cutting tools. Each grinding whee! 
has thousands of embedded abrasive particles which are capable of pen- 
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etrating the workpiece and removing а tiny chip. The combined total 
of the tiny grinding chips can result in a substantial amount of metal 
being removed from the workpiece. 


Principles of Turning 

The diagram at the left in Fig. 1-1 illustrates how metal is cut by turn- 
ing, as in a lathe. The turning tool is held rigidly in some form of holder 
The part to be turned rotates in direction R, and the tool feeds along 
continuously in direction Р, parallel to the axis of the part being turned. 
Consequently, the part is reduced from some diameter D, to some other 
diameter d, depending upon the requirements in each ease. The upper 
surface of the tool, against which the chip bears as it is being severed, 
usually is ground to some rake angle a, to make the edge keener and to 
lessen cutting resistance. (There are exceptions to this rule as explained 
later in Chapter 7 which covers Single-Point Tool Forms and Tool 
Grinding.) This top or chip-bearing surface generally slopes away from 
that part or section of the cutting edge which normally docs the cutting; 
hence, usually there is both backward and side slope or, in tool parlance, 
back rake angle and a side rake angle. (The angle,a, of the diagram is 


EN 


h 


PLANING TOOL 


Fig 1-1. Principles of turing and planing. 
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intended to represent the combined back and side angles or what is known 
as the compound angle in some plane z-z.) If this inclination a, is exces- 
sive, the tool point will be weakened. On the other hand, if there is no 
inclination, the tool will still remove metal, but not as effectively as a 
tool with rake, especially in cutting iron and steel Below the cutting 
‘edge, some relief angle с, is essential so that this end or side surface of the 
tool will not rub against the work and prevent the cutting edge from 
entering it freely, particularly when the tool is adjusted inward for taking. 
а deeper cut. This relief is not confined to the end alone but is also re- 
quired along the side extending as far back as the length of the cutting 
edge. The factors governing the amount of rake angle a, relief angle c, 
and the general shape of the cutting edge will be considered later. 


Principles of Planing and Shaping. 

А comparison of the turning-tool diagrams (Fig. 1-1, left) with the 
planing tool (Fig. 1-1, right) will show that planing a flat surface is 
similar in principle to turning a cylindrical surface, the chief difference 
being that a straight-line movement is required for planing and a rotary 
ог circular motion is used for turning. (The planing tool, when planing a. 
horizontal surface, is held in a vertical position. It is shown in a horizontal 
position to obtain a more direct comparison with the turning tool.) The 
planing tool is held stationary while cutting and the part to be planed is 
given a straight-line motion R, during the cutting stroke, followed by an 
intermittent, lateral tool-feeding movement in direction F, during the 
return or non-cutting stroke. (If a shaper, which is а small type of plan- 
ing machine, is used, this order is reversed; the tool moves, while the work 
remains stationary.) A» the tool is moved laterally, prior to each cutting 
stroke, successive strokes reduce the surface of the work from H to A, the 
amount depending upon the requirements. 

In planing, as in turning, the tool surface against which the chip bears 
usually slopes backward or has a certain rake angle a, to reduce the cut- 
ting resistance. Some relief angle c, in back of the cutting edge, is neces- 
sary to permit this edge to cut freely. If either angle a or c is excessive, 
the point of the tool will be weakened and it may not be strong enough to 
resist the pressure required for cutting iron or steel. This is true of turning, 
planing, and other classes of metal cutting tools. The shapes and angles 
Of planing tools are deak with in Volume 2, in the chapters on Shapers 
and Planers 


Principles of Milling 

The milling cutter represented by the upper left diagram, Fig. 1-2, has 
equally spaced teeth around its circumference so that as many cuts are 
taken per cutter revolution as there are teeth, and the cutting action is 
continuous, The cutter is rotated by the spindle of the milling machine 
and the part to be milled is given a feeding movement, generally in direc- 
tion Р, ог against the cutter rotation R. (Sometimes the feeding move- 
ment is in the opposite direction, or with rotation R.) As the work feeds 
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MILLING 
CUTTER A 


Fig. 1-2. Principles of plain milling nnd aec milling. 


past the revolving cutter, the surface M, is reduced to some height A, as 
may be required. 

The milled surface will be flat if the cutter is cylindrical, but, fre 
quently, cutters of other forms are used, as explained later in Chapter 6, 
Volume 2, the section on Milling Machine Operations. The chip-bearing 
surfaces of the milling cutter teeth may have some rake angle a, to lessen 
cutting resistance and they murt have relief с, to permit free cutting 
action. ‘Thus we see that each tooth depends for its cutting action upon 
a relief angle and usually a rake angle also, just as with the turning and 
planing tools. (The actual relief angle c, applies to a narrow top edge on 
ach tooth as indicated by the enlarged view, at upper right, of one tooth. 
Normally, the cutter is sharpened by grinding this narrow edge or “land” 
as itis called.) 

‘The lower diagram in Fig. 1-2 illustrates the acti 
cutter. This general type of cutter is designed especially for milling fat 
surfaces, To simplify the diagram, a cutter is shown with two cutting 
blades only. In actual practice, however, there would be a number of 
blades equally spaced around the circumference of the cutter body to 
obtain more continuous cutting action. As the cutter rotates in direction К, 
the work feeds past it as indicated by arrow F, so that cach blade, as it 
sweeps around, reduces the surface from some height If, to A. The feeding 
movement of the work is not always in a straight line but may be rotary. 
This, however, does not affect the operating principle. Each blade is held 
in a cutter body at an angle as indicated by the detail view to the right. 
This inclined position gives cach blade a certain rake алде, а, The lower 


of a face milling 
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end of each blade also has a relief angle c. The face milling cutter is an- 
other illustration of the fact that metal cutting operations with different 
types and designs of tools are all based upon the same fundamental 
principles. 


Principles of Boring 

The machining of internal cylindrieal surfaces, when a single-point tool 
is used, is called “boring.” Figure 1-3 illustrates the process. The part to be 
bored rotates in direction R, while the boring tool, with its top surface 
located in approximately the same plane as the center of the hole, feeds 
in direction F, or parallel to the axis of the hole, for cylindrical boring. 
As the tool advances, it increases the diameter of the hole, or bore, from 
d to D. The cutting tool, when applied to iron or steel, normally would 


BORING TOOL. 


Fig. 1-3. Principles of enlarging or boring а hoke. 


have some slope or rake angle a on the chip-bearing surface, and a relief. 
angle c, is essential. Note that there is both backward and side slope (or 
rake), and also relief at both the extreme end and along the leading side, 
or below all of the cutting edge. А somewhat greater relief angle may Бе 
required for boring than for turning—especially if the hole is small 
but the cutting action is based upon the same fundamental principle in 
each case. A boring tool, of the general type shown in the diagram, is 
merely а small turning tool supported by a bar В, which, in turn, 
rigidly supported at its outer end, and is long enough to permit boring a 
hole as deeply as may be required. 


Principles of Drilling 
When a hole is drilled by using a twist drill, the cutting point, or end, 
is ground to provide a certain amount of relief c, in back of each cutting 
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Р 


Fig. 14. (Left) Cutting end of twist drill (Right) Counterbore for enlarging a 
previously drilled hole 


edge (left, Fig. 1-4) and extending along the entire length of the two 
edges. The twisting, or helical-shaped flute, or groove through which the 
chips pass also provides rake angle а above each cutting edge. This rake, 
ог backward slope, is away from the cutting edge and is also applied to 
the chip-bearing surface as in the case of the other tools. It will be under- 
stood that the drilling of a hole is done either by feeding a rotating drill 
їп direction Р, and into stationary work as when using a drilling machine, 
or by rotating the work itself instead of the drill as, for example, when 
using a lathe or turret lathe for drilling. 

‘The diagram, Fig. 1-4, right, illustrates a counterbore. This is a tool for 
enlarging part of a hole from some diameter d, to D. A pilot, or extension, 
fits into the smaller hole and insures cutting the enlarged part concentric 
with it. Again we have on the counterbore, relief angle с, at the lower 
end of each cutting tooth, and also rake angles a. While the counterbore 
and the twist drill are in appearance unlike a milling cutter or turning 
tool, all of these tools conform to the same fundamental operating 
principles 


Principles of Broaching 

A broaching tool (Fig. 1-5) has a series of teeth so arranged that they 
cut the metal when the broach is given a straight-line movement, as indi- 
cated by arrow R. (In some cases the workpiece is moved instead of the 
broach, but the operating principle is the same.) The broach cuts away 
the metal since its teeth progressively increase in height, as shown on the 
exaggerated scale in the lower diagram. Thus, cutting action is distributed 
over a series of teeth and each tooth takes a light cut. 

Each tooth is similar to a planing tool, and the cutting of metal in 
broaching is based upon the same fundamental principles as in planing, 
turning, or milling. The rake angle a, as in the case of other metal cutting 
tools, improves the cutting action. The top, or land, of each tooth has a 
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clearance, or relief angle c. When the broach is initially ground to the 
size and shape required, a narrow part of this land is often ground with- 
out any relief so that precise measurements may be taken on this surface. 
Later, the relief angle is finish ground leaving a very small portion of the 
land behind the cutting edge without a relief angle in order not to destroy 
the size and shape of the broach. This straight section of the land some- 
times helps to stabilize the broach when it is cutting and it provides a 
slight burnishing or finishing action on the surface of the workpiece 
This lack of clearance, or relief, on broach teeth may seem opposed to the 
principle that relief ie an essential requirement; however, the width of 
the straight portion is usually less than .030 inch. It does not interfere 


SG ТП 


| Itt "Hi 


SC 


Fig. 1-5. (Above) Cutting action of a broaching tool. (Below) Enlarged scale drawing 
‘of broach teeth showing height increases. 


with the cutting action because each tooth removes only a small amount. 
of metal and the cutting edges of the broach are never adjusted inward 
or sunk more deeply into the metal while cutting. 

‘The diagrams show that the cutting action of the broach follows the 
same principle as the turning tool, planing tool, milling cutter, and other 
metal cutting tools. Thus, it ean be seen that the basie requirements of 
tool shapes are not complicated, In actual shop practice, however, it is 
essential to use tools which more or less vary in shape to suit different 
cutting conditions. The different factors to be taken into account will be 
referred to later. 
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entem of Cincinnati Micron 
gritdiog, “traverse” method. 


Fig. 1-6. Principle of cylindric 


Precision Grinding 


Grinding wheels are just as much metal cutting tools as are single- or 
multiple-point cutting tools which are used to alter the shape of а work- 
piece. Some grinding wheels are used to rough grind castings or steel bar 
stock in foundries or steel mills. These wheels must be strong enough (0 
withstand rough usage. In the machine shop, however, grinding wheels are. 
usually mounted on the spindles of precision machine tools in order to 
machine parts to close tolerances and to produce fine surface finishes, 
Grinding wheels are also used in the machine shop to grind cutting tools 
оп pedestal grinders or on special cutter- and tool-grinding machines. 
Precision grinding machines are designed to control the path followed by 
the work and the wheel, with great precision. These machines thus have 
the capability of producing parts with a high degree of dimensional 
accuracy. 

This capability is further enhanced by the nature of the cutting action 
of the grinding wheel which produces a multitude of very small chips. 
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These small chips permit very small amounts of metal to be removed from 
the surface of the work, thus favoring both dimensional accuracy and sur- 
face finish. Another important characteristic of the grinding wheel is that 
it will readily penetrate hardened metals, such as hardened tool steel, 
enabling these materials to be machined economically on precision grind- 
ing machines, Some heavy-duty surface-grinding machines have been 
designed to achieve rather high, metal removal rates. This process is called. 
abrasive machining. 

Cylindrical grinding machines have been designed to produce ground 
cylindrical, tapered, and formed surfaces. When traverse grinding (Fig, 
1-6), the rotating workpiece is traversed past the grinding wheel which is 
rotating at a very high speed. At the end of each traverse stroke there is 
‘a dwell before the direction of the traverse is reversed. The purpose of the 
dwell is to give the grinding wheel time to cut at the end of the stroke. 
Generally, the dwell is also utilized to feed the grinding wheel into the 
workpiece for the succeeding traverse. This feed is called “infeed.” An- 
other method of cylindrical grinding is called "plunge grinding" (Fig. 1-7) 
‘This method is limited, however, to surfaces on the workpiece that are no 
longer than the width of the grinding wheel. The grinding wheel is fed, 
or plunged, into the rotating workpiece without any traverse motion. 


Comte of — 


Fig. 1-7. “Plunge grinding” method of cylindrical grinding principle. 
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Surface grinding is accomplished by traversing a non-rotating work- 
piece, usually in a horizontal position, past the grinding wheel as shown 
in Fig. 1-8. The grinding wheel is generally fed a small amount perpen- 
dicular (crosswise) to the direction of the traverse movement of the work 


кирүү 
Fig. 1-8 Principles of surface grinding. 


at the end of each traverse stroke. The surface resulting from this action 
is a plane, or flat surface. Special methods are used to grind profiled sur- 
faces such as threads and gear teeth. 


CHAPTER 2 


Basic Measuring Instruments 


Measuring tools are used in machine construction, tool and die making, 
‘and machine tool operation in order to secure the required sizes and de- 
gree of accuracy of the parts. There are many different types and designs 
of measuring tools some of which are very sophisticated. This section will 
deal with the measuring tools normally used by machinists and toolmakers 
in the everyday performance of their trade. A representative sample of 
these tools is shown in Fig. 2-1. 

All precision measuring tools must be handled with саге in order to 
avoid the slightest damage to them. Often measurements accurate to one- 
thousandth (.001) inch, ог even to one ten-thousandth (.0001) inch, must 
be made. Careless handling of precision measuring tools will destroy their 
accuracy, and hence their usefulness, in making exact measurements, For 
example, a square that is not а true square will result in spoiled work. 
Precision measuring tools, therefore, must frequently be checked in order 
to verify their accuracy. With many of these tools the workman must de- 
pend upon the sense of feel in order to make accurate measurements. This 
Tequires that they be correctly grasped by the hands in order to utilize 
the sensitive nerves that are located in the tips of the fingers. The proper 
manipulation of precision tools is shown in many of the illustrations in 
this chapter. 


The Precision Steel Rule 


The rule is a basic length-mcasuring tool. It may be used directly in 
measuring а length; or, it may be used indirectly as when the diameter 
of a cylindrical object is measured with outside calipers and this measure- 
ment is then transferred from the calipers to the rule. Only precision- 
made, hardened steel rules are acceptable for use in the machine shop or 
im the tool and die shop. The lines or graduations on these rules are 
machine divided on specially designed, and very precise, graduating ma- 
chines. Precision steel rules may be obtained as spring temper, semi- 
spring temper, semi-fexible, or full flexible. They range in size from 
one-quarter inch in length for measuring in grooves, recesses, and key- 
seats to twelve feet in length for large work. The most frequently used 
lengths are the six-inch and twelve-inch rules. 

‘Two systems of graduations (Fig. 2-2) are used in the United States 
оп steel rules. They are the decimal inch system and the fractional inch 
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Fig. 2-1. Basic machinists measuring tools including a precision surface-plate. 
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Fig. 22. (Upper view) Steel rule with decimal inch graduations; (Lower view) Steel 
‘le with fractional iach graduations 
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system, In the decimal inch system, the inch is divided into one tenth 
(.100) inch, one-fiftieth (020) inch, and one-hundredth (.010) inch. (See 
upper view, Fig. 2-2.) In the fractional inch system (lower view, Fig. 
2-2), the inch is successively divided by two, yielding the following 
graduations: %4 or 500 inch, М or 250 inch, % or .125 inch, Уе or 0625 
inch, 4a or 08125 inch, and 14, or 015625 inch. One advantage of the 
fractional inch system is that the smallest graduation that can be 
clearly distinguished with normal eyesight, and without causing undue 
eyestrain, is 64 or 0156 inch as compared to Yo or 020 inch for the 
decimal inch system. 

Decimal equivalents are the decimals corresponding to the fractions 
in the fractional inch system. The decimal equivalent ean be calculated 
from the fraction by dividing the denominator into tht numerator. For 
example, to find the decimal equivalent of 74; inch, divide 7 by 32, thus 
7 ++ 32 — 21875 inch. Tables of decimal equivalents are usually avail- 
able, making these calculations unnecessary. Their use is recommended 
to prevent possible mistakes that sometimes are made when decimal 
equivalents are found by calculation. A table of decimal equivalents is 
given in the Appendix of this text. 


Calipers 
There are three basic kinds of calipers: 1. Outside calipers, used pri- 
marily to measure outside diameters; 2. Inside calipers, used primarily 


SM 
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Fig 23 (Left) Outside calipers; (Center) Inside calipers; (Right) Hermaphrodite 
брег. 
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B 


Fig. 24 Correct method of using outside calipers. 


to measure hole diameters; and 3. Hermaphrodite calipers, used to meas- 
ure the distance between a surface and a seribed line or to scribe a line 
from a surface. Two types of construction, firm joint and spring, are used 
in calipers. Firm joint calipers utilize the friction between the legs to 
maintain their setting. A firm joint hermaphrodite caliper is shown in 
Fig. 2-3. Spring calipers have a curved spring at the upper, or pivot, end 
which forces the caliper legs against the adjusting screw nut, thereby 
maintaining the caliper adjustment. 

Accurate measurements are obtained with outside calipers by holding 
them as shown at A, in Fig. 2-4, and passing them over the workpiece 
with a very light contact pressure that can just be felt by the fingertips. 
The caliper reading is then transferred to a rule (Fig. 2-4, B). Accurate 
caliper readings, however, cannot be made when the work is rotating. 
Tn measuring a hole, inside calipers are adjusted to the correct diameter 
of the hole (see A, Fig. 2-5) by holding one caliper leg against the side 
of the hole with a finger of one hand, while the caliper, held in the other 
hand, is carefully passed through the hole. Moving the free leg back and 
forth in the X direction (A, Fig. 2-5), while slowly passing through the 
hole in the ¥ direction, will assist in finding the smallest true diameter 
of the hole through which the caliper legs can pass. Again, a very light 
feel will determine this setting The inside caliper measurement is then 
transferred to a steel rule (B, Fig. 2-5) or to an outside micrometer cal- 
iper (D, Fig. 2-5). When done with great саге, measurements accurate to 
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Fig 25 Correct method of using inside calipers. 
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Fig. 24. Telescoping gages used to measure hole diameters. 
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“tenths” (0001 inch) can be made, using both inside calipers and out- 
side micrometer calipers. Measurements can also be transferred between 
inside and outside calipers as shown at C, in Fig. 2-5. 


Telescoping-Gage and Small Hole Gages 

The telescoping gage, Fig. 2-6A, has two contact plungers which ex- 
pand outwardly across the diameter of а hole when the knurled nut at 
the end of the gage stem is released. When both plungers have contacted 
the hole, Fig. 2-68, this nut is again tightened and the telescoping gage 
measurement is transferred to outside micrometer calipers. Small hole 
gages (Fig. 2-7) have two contact points that are expanded by turning 
the knurled nut on the end of the stem until the gage can pass through 


Courter of The L.S. Starrett Company 
Fig. 2-7. Small hole gage-ettiog measured by ovside-micrometer caliper. 


the hole with a very light contact “feel.” The hole measurement is th 
transferred to outside micrometer calipers as shown in the illustration, 


The Square and the Bevel Protractor. 

A frequently encountered angle in machine shop work and in tool- 
making is the right angle, or 90 degree angle. The square is the basic tool 
used to measure and test for this angle. Other angles are measured with a 
protractor, illustrated in Figs. 2-8 and 2-16. 

‘A combination set is shown in Fig. 2-8. Attached to a precision steel 
rule, from left to right, are a square head, а bevel protractor, and a 
center head. These heads can be changed to any desired position along 
the length of the rule or they may be removed completely. The square 
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Conran of Phe L-5. Starrett Company 
Fig 2-8 Combination set 


square head, bevel protractor, and center head. 


head and the bevel protractor both contain spirit levels which are often 
of assistance in making measurements. The square head has a short edge 
machined at 45 degrees with respect to the right angle. The use of the 
center head will be described in the next chapter. 

ninations of the right angle, a master precision 
square, Fig. 2-9, is used. The beam and the blade of this square are hard- 
ened, ground, and lapped to insure straightness, parallelism, and the exact, 
right-angle relationship. It should be very carefully handled at all times, 
Squares may be checked by using two toolmakers buttons that are 
serewed to an angle plate as shown in Fig. 2-10. The lower button is 
screwed tight, while the other button is tightened also, but less firmly. 
‘The square and the angle plate are then set on a precision-surface plate 
and finally, the blade of the square is placed against the buttons. A thin 
piece of paper, or paper “feeler,” is placed between the blade and each 
button. The upper button is then lightly tapped with a piece of soft metal, 
say a I-inch dia. x 6-inch piece of soft brass, until both paper feelers are 
tight. The square is then positioned on the other side of the buttons and 
checked with paper feelers as before. If both paper feelers are tight the 
square is accurate. In making this test it is very important that both 
toolmakers buttons have exactly the same diameter. The thin paper 
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Fie 2-9, Master precsioo-sted square. 


feelers are often much more sensitive than eyesight when mab 
angular measurements. 

Extremely accurate right-angle measurements can be made with the 
cylindrical square shown in Fig. 2-11. It is used on a precision-surface 

late, This square is a perfectly true cylinder having one end 
actly at right angles to the cylindrical surface. The other end is lapped 
to a fixed angular relationship to the sides. When the angular end is 
ing on the surface plate and the work is in contact with the cylin 
surface, the deviation from the true square condition of the part can be 
‘measured by rotating the square until the light visible between the part 
and the square is shut out. The deviation is read by reading up the top- 
most dotted curve in contact with the work to the number which shows 
the deviation in steps of 0002 inch. 


77 


Fig. 2-10. Method for checking а square, 
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сенче» of the Brows d Sharpe Manuferturing Ca. 
Fig 2-11, Cylindrical square used to make precise measurements at right angl 


Vernier Measuring Instruments 

The vernier is an auxiliary scale that is attached to calipers, height 
gages, depth gages, protractors, and other measuring instruments. It 
allows exceedingly accurate measurements to be made. The vernier meas- 
uring instrument is, in effect, a graduated steel rule to which a sliding 
member containing the vernier scale is attached. There are two types of 
vernier scales commonly used in the machine shop; one has а 25-division 
vernier scale and the other has a 50-division vernier scale. 

The primary scale of a 25-division vernier is divided into inch grad- 
uations (large numbers), 10-inch graduations (small numbers), and 
(025-inch graduations (no numbers). The vernier seale has 25 divisions, 
and its length is equal to the length of 24 small divisions on the primary 
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Conran of the Brown & Sharpe Manufacturing Co 
2-12 25-division vernier sesle. 


scale, Thus, the length of the vernicr seale is 24 x .025 or 600 inch. Since 
the vernier seale has 25 equally spaced divisions, the length of each divi- 
sion must be 600 + 25, or.024 inch. Therefore, each division on the vernier 
scale is .001 inch (025 — 024) shorter than each small division on the 
primary seale. When the zero graduations on both scales are aligned with 
each other, the first two lines on the primary and the vernier scales are 
001 inch apart; the second two lines will be 002 inch apart; the third 
pair are 003 inch apart; ete. Tt is evident that in order to move the 
vernier exactly XP. inch from this position, it is only necessary to slide 
it along the primary scale until the second line on the vernier coincides 
with the corresponding line on the primary scale. To read a 25-division 
vernier follow the steps given below and refer to Fig. 2-12: 


1. Read the whole inches on the primary scale 2.000 (not shown) 
2. Read the nearest small number to the left of 
the 0 indicator line and multiply times 100, 
or 3 x 100 300 
3. Count the number of small graduations be- 
yond the previous reading and multiply times 
1025, or 2 x 025 050 
4. Find the graduation on the vernier seale that 
is in exact alignment with a graduation on the 
Primary scale and multiply times .001, or 
18 х 001 E 
5. Add total toobtain reading. 2368 inches 


The 50-division vernier, Fig. 2-13, has more widely spaced graduations 
which are easier to read. The primary seale is divided into inch gradua- 
tions, .100-inch graduations, and .050-inch graduations. The vernier scale 
is divided into 50 equally spaced graduations and its length is equal to 
the length of 49 divisions on the primary scale, or 49 x 050 = 2450 
inches. Each graduation on the vernier scale is then 2.450 + 50, or 049 
inch long. Thus, the difference between the length of a graduation on the 
primary scale and on the vernier scale is again 001 inch. To read a 
50-division vernier follow the steps below and refer to Fig. 2-13: 
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Fig. 2-13. 50livision vernier scale 


1. Read the whole inches on the primary scale 1.000 
2. Read the nearest small number to the left of the 0 
indicator line and multiply times 100, or 4 x .100 400 


Fig. 244. Vernier 
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3. Count the number of small graduations beyond the 
previous reading and multiply times .050, or 1 x 050 050 
4. Find the graduation on the vernier scale that is in 
exact alignment with a graduation on the primary 


scale and multiply times 001, or 14 x 001 он 
5, Add total to obtain reading. 1464 inches 
‘Vernier calipers capable of measuring both inside and outside diameters 


are shown in Fig. 2-14. Vernier height gages (Fig. 2-15A, and Fig. 2-27) 

used to measure vertical distances above a reference plane; usually 
в precision-surface plate. They are also used to scribe lines at a given 
distance above a reference plane when making precise layouts on work- 
pieces. A vernier depth-gage is shown at B in Fig. 2-15. 


Fig 2-15. A. Vernier height-gage. B. Vernier depth-gage. 


Vernier bevel protractors, as shown in Fig. 2-16, are used to measure 
angles to an accuracy of five minutes (05). Since there are sixty minutes 
(60) in one degree, this is equal to one-twelfth (%, = Из) of a degree. 
An enlargement of the protractor scale and vernier is shown in Fig. 2-17. 
The main protractor seale is divided into degrees, with every ten degrees 
numbered. The vernier scale is actually fi vernier scales, each having 
twelve divisions on either side of the zero graduation. The left-hand scale 
is used when the vernier zero graduation is moved to the left of the zero 
оп the primary scale, while the right-hand scale is used when the move- 
ment is to the right. The total length of each vernier scale is equal to 23 
degrees on the primary scale. Since there are twelve divisions on the 
vernier scale the length of each graduation is equal to 23 + 12 or 1-1 Из 
degrees. Since one degree equals 60, 144z degree equals 1143 x 60 or 557 
Thus, the length of each graduation on the vernier scale is equal to 
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Fie 2-16. Vernier bevel protractor. 


Courtay of The L. 5. Starr Co 
Fig. 2-17. Vernier bevel protractor seale. 
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60 + 55” or 157. One graduation on the vernier seale is, then, 5' less in 
length than two graduations on the primary scale; two graduations on 
the vernier are 10 less than four graduations on the primary; ete. 

To read the vernier bevel protractor, first read the number of whole 
degrees passed by the vernier zero and then count, in the same direction, 
the number of graduations between the vernier zero and that line which 
exactly coincides with a graduation on the primary or degree scale; this 
number multiplied by 5 will give the number of minutes to be added to the 
whole number of degrees. In Fig. 2-17, the vernier zero has passed to the 
left of 50°, and the fourth line to the left of the vernier zero coincides 
with а line on the degree scale. Hence, the reading is 50° + 4 x 5' or 
50°20. 

Micrometer Measuring Instruments 

The micrometer serew principle is used on a variety of measuring 
instruments which ineludes outside micrometer calipers, inside micrometer 
calipers, and micrometer depth gages. The precision obtainable by all 
micrometer measuring instruments is dependent upon the micrometer 
screw; therefore, the thread of this screw is made with the greatest possi- 
ble care and degree of precision. For this reason, micrometer serew threads 
are very seldom made longer than one inch and micrometer measuring 
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Fig 2-18. Outside micrometer caliper æt including length standards, 
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instruments are designed to accommodate а one-inch movement of the 
‘micrometer spindle. For example, outside micrometer calipers are made 
with frames having sizes of one-inch increments. Figure 2-18 shows three 
outside micrometer calipers of the following sizes: 0 to 1 inch, 1 to 2 
inches, and 2to 3 inches. Inside micrometer calipers and depth micrometer 
calipers have separate stems for each one-inch interval within the range 
ofthe instrument. 

Figure 2-19 illustrates а sectional view of a one-inch, outside mierom- 
eter caliper with all of the parts named. The principal parts are the 
frame, sleeve, thimble, spindle, and anvil. The frame supports the com- 
ponents of the micrometer caliper and keeps them in correct alignment. 


eerte of The be S. Starrett Co 


ig 2-19. Sectioned view of 0-1 ioch outside-micrometer caliper. 


‘The sleeve houses the spindle nut and it has graduations marked length- 
wise on its outside surface. These graduations are one inch long, and they 
are divided into 100-inch and 025-inch intervals. The thimble is attached 
to the spindle by а taper and а screw (see ratchet body in Fig. 2-19) 
‘The thimble rotates and moves lengthwise over the sleeve. One end of 
the thimble is beveled. The bevel on the thimble has twenty-five equally 
spaced graduations around its circumference. The spindle has the microm- 
eter thread on one end and one of the two measuring surfaces on the 
face of the other. The other measuring surface is on the face of the anvil. 
These two measuring surfaces are made to be exactly parallel to each 
other regardless of the position of the spindle. 
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Fig. 20. Micrometer graduations 


The micrometer screw thread has 40 threads per inch. Its lead, or 
distance that the thread advances per revolution, is equal to 1 + 40 or 
025 inch or the distance between the smallest graduations on the sleeve, 
‘The beveled edge of the thimble will move lengthwise one graduation on 
the sleeve for each revolution, since it is attached to the screw. Turning 
the thimble through one graduation on the thimble scale will cause the 
thimble and spindle assembly to rotate exactly Y4 of а revolution, since 
there are 25 equally spaced graduations around the thimble. When the 
spindle rotates 145 of a turn, it moves lengthwise М of its lead, or 
Yas X .025 = .001 inch. 

‘To read а micrometer seale follow the steps below and refer to A in 
Fig. 2-20. 


Certegy of Phe LS. Starrett Company 
Fig 221. Measuring part held in a lathe using outside-micrometer calipers. 
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1. Read the largest number visible on the sleeve scale 
and multiply by .100, or 2 х 100 200 

2. Count the number of small graduations beyond the 
graduation corresponding to the number read above, 


and multiply by 025, or 3 х 025 075 
3. Read the graduation on the thimble scale and multiply 

by 001, or 10 х 001 оо 
4. Add to obtain reading. 285 inch 


Some micrometers have a vernier scale, v, marked on the sleeve as 
shown at В, Fig. 2-20. The vernier seale, in conjunction with the regular 
micrometer seale, enables the micrometer to be read to .0001 inch, The 
relation between the graduations on the vernier and those of the regular 
micrometer is more clearly shown in C, in Fig. 2-20. The vernier has ten 
divisions whieh are the same length as nine graduations on the thimble, 
For convenience in reading, each graduation on the vernier scale is num- 


Fig 222 Measuring with large outside-micrometer caliper. 
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Fig. 2-23. The use of inside-micrometer calipers in measuring а large bore. 


bered. The difference in width of a thimble division and а vernier division 
is equal to one-tenth of the thimble division. Therefore, a movement of 
the thimble equal to this difference results in a movement equal to Ио 
of Ма of a revolution, or Ме X Yes = Yso of a turn of the thimble and 
spindle assembly. This will cause the spindle to move lengthwise И X 
1025, or 0001 inch. 

In order to read а micrometer having a ten-thousandths vernier scale 
first determine the reading in thousandths, as with an ordinary mierom- 
eter, and then find a line on the vernier scale that exactly coincides with 
one on the thimble; the number on this line represents the number of ten- 
thousandths of am inch to be added to the number of thousandths ob- 
tained by the regular micrometer scales. For example, at C, in Fig. 2-20, 
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the micrometer scales read 275 inch. On the vernier scale, the fourth 
graduation coincides with a graduation on the thimble; therefore, 
4 x 0001, or .0004 inch is added to the regular micrometer reading. The 
final reading is, then, 275 + 0004, or 2754 inch. 

Accurate measurements made with outside micrometer calipers depend 
upon the way in which they are handled. In order to feel when they are 
in correct contact with the workpiece they must be held correctly when 
taking different types of measurements. Any movement of the frame, 
while manipulating the micrometer serew, should be kept to а minimum 
—just enough to establish the right feel. Methods of holding the microm- 
eter are best shown by illustrations as follows: 1. Fig 2-21, when a part is 
held in a lathe; 2. Fig. 2-7 and A, in Fig. 2-6, when the tool or part to be 
measured is held in the hand; 3. Figs, 2-1 and 2-22, when measuring with 
large micrometer calipers. Inside micrometer calipers, as shown in Fig. 
2.23, must be manipulated through a hole, or recess, much in the same 
manner as inside calipers, in order to find the true diameter of the hole. 
It is advisable to check the accuracy of inside micrometer calipers with 
outside micrometer calipers before they are used. The use of depth 
micrometers is shown in Fig. 2-24. The thimble is carefully turned until 
the measuring rod just touches the surface to be measured 
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Fig 2.24. Using depth micrometers to measure shoulder depth. 
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‘The Starrett Mul-T-Anvil micrometer caliper in Fig. 2-25 can make a 
variety of measurements that cannot be made with a regular micrometer 
caliper; e.g, it can measure the wall thickness of tubing, the length of a 
shoulder, and the distance from а hole or slot to an edge. Two anvils are 
furnished with this micrometer: one is cylindrical in shape and the other 
is in the form of a stepped flat having a thickness of approximately .125 in. 
оп one end and 060 in. on the other. Other special anvils are available 
‘The anvils can be quickly interchanged by simply loosening the clamping 
vise jaw. In view A, Fig. 2-25, the Mul-T-Anvil micrometer is measuring 
the flange thickness on a special screw. 

By removing the clamping vise jaw and the clamping screw, the Mul-T- 
Anvil micrometer сап be converted into a micrometer height gage. One of 
its most useful applications is illustrated in view B, Fig. 2-25, where it is 
being used to measure the thickness of the workpiece on a surface grinder. 
Tts range of measurement as а height gage can be extended beyond the one 
inch spindle travel of the micrometer by placing it on precision parallels 
ог precision gage blocks having a known height. 


Checking Mierometers. 


All micrometers should occasionally be checked for accuracy and, if 
necessary, adjusted to read correctly. Zero-to-one-inch micrometer 
calipers can be checked by noting if the micrometer reading is zero when 
the spindle touches the anvil. Both the spindle and the anvil should be 
cleaned beforehand by pulling a clean strip of paper between the anvil 
and the spindle. If a zero reading is not obtained, the sleeve should be 
adjusted by following the instructions supplied with the micrometer by 
the toolmaker. Larger micrometer calipers are checked in a similar way 
by placing a standard dise or pin between the anvil and the spindle and 
reading the micrometer. Standard dise and pin gages have a very precise 
known diameter or length, which is measured by the micrometer caliper in 
making the check. They arc usually furnished with the larger size microm- 
eters, although they ean also be obtained scparately. Again, the contact 
surfaces of the micrometer and the gages must be clean before making 
this check 

А more precise check ean be made on micrometer calipers by measuring 
over precision gage blocks. (Precision gage blocks arc described later on 
im this chapter.) The measurement obtained can be compared to the 
known size of the gage blocks. By measuring over a graduated series of 
different gage blocks, an indication of the accuracy of the micrometer 
screw can be obtained. Unless the micrometer is abused, the micrometer 
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Fig 2-25. Starrett Mul-T-Anvil micrometer caliper, A. Used as а micrometer caliper. 
Te Used as а height gage to measure part on surface grinder. 


screw will wear to the extent of being imprecise on only extremely таге 
occasions. If this docs happen, tne micrometer should be replaced. On 
rare occasions, the adjusting nut on the micrometer screw must be ad- 
justed. Micrometer depth gages are checked by measuring from the top of 
а stack of precision gage blocks to the surface of a precision surface plate, 
The measurement obtained is compared to the known length of the gage 
blocks. 

Inside micrometers are usually checked with micrometer calipers that 
аге known to be precise. The inside micrometer is placed against the anvil. 
Then the spindle of the micrometer caliper is carcfully adjusted to read 
the length of the inside micrometer while it is moved about very slightly 
to obtain the fcel of the correct setting. The readings of the two microm- 
cters arc compared to make the cheek. Sometimes inside micrometers 
are checked with precision gage blocks and, when available, with precision 
ring gages. 
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Dial Test indicators 


‘The dial test indicator (see Fig. 2-26) is a sensitive instrument having 
a graduated dial and an indieating hand which is connected through a 
system of multiplying levers, or gears, to a contact point that is fastened 
to the end of a spindle. The contact point is placed in contact with the 
workpiece, Any movement of the contact point is transmitted through the 
spindle, greatly amplified by the internal works, and displayed by а move- 
ment of the indieating hand on the dial. Dial test indicators are designed 
to read to 001 inch, 0005 inch, or .0001 inch. The reading of the divisions 
is usually marked on the dial face. They are made in a great variety of 
sizes and shapes. Indicators are widely used in machine shops, and tool 
id die shops in combination with many other forms of gaging and meas- 
uring devices. In the shop, dial test indicators are frequently simply re- 
ferred to as “indicators.” 

‘The dial test indicator in Fig. 2-26 is used to check the depth of cut 
on a flat casting. The indicator reading is compared to the setting of a 
planer gage shown in the background. Dial test indicators are used with 
vernier height gages, Fig. 2-27, to assure uniform contact pressure. The 
height gage is set by making the indicator read zero on all surfaces to be 
measured. Among other applications of indicators are these: to locate 
edges and holes for precision boring, to measure concentricity, to "gero" 
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Pig. 227. Precision gage blocks wed with dial tet indicator attached 1o vernier 
eight-guge to measure workpiece 


the position of machine tool slides, and to measure parallelism between 
aces. The operation of using a dial test indicator is usually called 
"indicating." 


Precision Gage Blocks 

Precision gage blocks, Fig. 2-27, are small blocks of steel that have 
heen heat treated to а high hardness. The heat treatment is also designed 
to obtain а high degree of dimensional stability in the blocks. They are 
made to have an extremely high degree of dimensional accuracy as shown 
in Table 2-1. There are several grades of gage blocks which can be 
categorized as master blocks, inspection blocks, and working blocks. Work- 
ing blocks are used in the workshop. They arc used to calibrate mierom- 
eters and other precision measuring tools, to inspect dies, tools, and other 
precision machine parts. In Fig. 2-27 a gage block is shown on a precision 
surface plate. It is used with the height gage and the dial test indicator 
to measure the height of а surface on the workpiece by comparing the 
height of the gage block and the workpiece with the indicator. Gage 
blocks are also used to measure angles in conjunction with sine bars and 
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Fig 2-28 Precision gage blocks and sine plate used to measure angles 


sine plates, as shown in Fig. 2-28. Angles are sometimes machined on sine 
plates which are set by using gage blocks. Precision, angular gage blocks 
are also made for making angular measurements, 

Gage blocks are sold in sets. A set of gage blocks is shown in Fig. 
2.27, The sizes for an 83-piece, gage-block set are given in Table 2-2. 
By combining two or more gage blocks, a large range of extremely aceu- 
rate dimensions can be obtained, The blocks can be combined in the 
following way when there is in the set no single block of the exact size 
that is wanted. Two or more blocks are assembled, or combined, by wring- 
ing the blocks together to form the equivalent of a single block of a 
given dimension, First, the joining surfaces of the blocks are cleaned, One 
block is then placed over the other at an angle and the two are twisted, or 
wrung, together. When properly wrung together, the blocks will adhere 
to each other so strongly that a very considerable force is required to 
separate them. They are best separated by twisting them apart in a 
Tanner similar to the way in which they were assembled. 

Tn selecting gage blocks for a given dimension, the least number of 
blocks that will give the required dimension should be used. This is ac- 
complished by suecessively eliminating the smallest remaining dimension. 


Example 2-1. 


Determine the gage blocks required to obtain 36742 inches. (Refer to. 
Table 2-2.) 
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Step 1. Eliminate the 0002 inch by selecting a 1002 block. Subtract 
1002 from 36742. 


36742 
1002 
35140 
Step2. Eliminate the 004 inch by selecting a .124 block. Subtract 
124 from the remainder in Step 1. 
3574 
Ls 
3450 
Step 3. Eliminate the 450 inch with a 450 block. Subtract 450 from. 


the remainder in Step 2. This obviously leaves 3000 which ie 
‘obtained with a 3-inch block. 


Step4, Cheek the blocks to determine if they will result in the re- 
quired dimension 


1002 
am 
450 
3000 
36743 inches. 


Surface Gage 


The surface gage, Fig. 2-29, is one of the most useful tools employed 
by the machinist and the toolmaker. On certain classes of work it is 
almost an indispensable tool. For example, surface gages ean be used to 
scribe layout lines on workpieces in order to locate the centers of holes, 
to provide reference lines for setting up workpieces on the machine, or to 
outline surfaces to be machined. In Fig, 2-29, the scriber point of the 
surface gage is being positioned by a rule in preparation for scribing а 
line on the workpiece. The rule is conveniently held in a vertical position 
by a rule holder; a surface plate provides a reference plane for transfer- 
ring the measurement from the rule holder to the workpiece by means of 
the surface gage. Located at the end of a rocker plate, a vertical thumb- 
serew provides a very fine adjustment to the spindle and allows accurate 
settings of the scriber to be made. 

А dial test indicator, which can be used to transfer precise measure- 
ments, сап be attached to the spindle or to the scriber. The scriber point 
can be used to check the position of layout lines when setting up a work- 
piece on the machine. The bent point of the scriber can be used to lay 
out lines that are close to the base of the surface gage. It is also used to 
test the parallelism between a surface on the workpiece and the top of a 
surface plate or machine tool table. This can be done whether the surface 
of the workpiece has been finished smooth or if it is still rough. The use 
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Fig 2-29. Surface gage used to transfer a measurement from a 12-inch rule. The rule 
ia held in a rule holder 


of the surface gage to test a east surface for parallelism is especially effec- 
tive because the surface gage can average out the irregularities on such 
surfaces. 


Universal Precision Gage (Planer Gage) 

A universal precision gage is shown in Fig. 2-30. This gage was 
developed from a planer gage by the incorporation of a fine adjustment. 
mechanism. Originally, planer gages were used for setting planer and 
shaper cutting tools to establish the correct depth of cut. The universal 
precision gage can still be used for this purpose. Many other uses have 
been found for this tool in doing precision machine-tool work. The slide 
can be precisely adjusted to any vertieal position by measuring across 
the base and the top of the slide with a micrometer caliper, or by trans- 
ferring the measurement from a stack of gage blocks with a height gage 
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Fig. 230. (Left) Setting a universal precision gage using a height gage, dial test 
indicator, and precision gage blocks. (Right) Senbing a layout line with a universal 
precision gage. 


and а dial test indieator, as shown in the illustration at left. A scriber 
сап then be attached to the universal precision gage in order to scribe 
layout lines. Other uses include measurements of parallel faces in a slot, 
as an adjustable parallel, for setting up and leveling workpieces, and as 
a height gage for transferring measurements from gage blocks by using a 
dial test indicator mounted on the universal precision gage 


Parallels. 


While not primarily a measuring tool, parallels arc indispensable tools 
in machine shop and toolroom work. They are used for the setup of work- 
hine tools, when inspecting parts, and when making layouts 
rectangular bars of hardened or unhardened steel 
that have two sides ground exactly parallel; some parallels have two pairs 
of sides ground parallel. Frequently parallels are made in pairs, cach pair 
being ground together so that they are exactly the same size. Very large 
parallels are usually made of alloy east iron; highly precise parallels are 
also made from granite beeause this material is very stable dimensionally. 
Hardened stecl precision parallels have two pairs of sides parallel, the 
sides being square and parallel to " (0001 in. or 0002 mm) 
tolerances, These parallels are made in fraetional ineh sizes ranging from 
V4 x % x 6 inches to 4 x 3 x 12 inches; metrie sizes range from 6 x 10 x 
150 mm to 38 x 76 x 300 rum. Special sizes are often used, when necded. 

Although not classified as parallels, 1-2-3 blocks serve the same purpose 
Made of hardened or unhanlened steel to “tenth” tolerances, their 
dimensions are 1 x 2 x 3 inches. Usually their weight is reduced by drilled 
holes, whieh may or may not be tapped. 

‘Adjustable parallels are precision tools that could be classified as gages 
or measuring tools. They may be used as preeision parallels; however, one 
of the most important applications of these tools is illustrated in Fig. 2-31, 


pieces on m: 
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Fig. 231. Measuring the width of a slot using adjustablo parallels and micrometer 
calipers 


where it is being used to measure the width of a slot. The adjustable 
parallel is inserted in the opening anc expanded to fit the slot. The size 
of the slot is then measured! with a micrometer caliper by measuring over 
the adjustable parallel. Each а гае! has its own size range; 
од, % to %4 inch, 34 to 14e inch (95 to 12.7 mm, 127 to 175 mm) 
А set of six parallels that are available commercially will cover all sizes 
from % to 214 inches, or 9.5 to 57.1 mm. 


Metrication 


‘The metric system adopted by all countries is the International System 
of Units, or SI. In machine shop practice the application of this system is 
primarily concerned with linear measurements. The metric units of linear 
measurement recommended by SI are the meter, kilometer, and milli- 
meter, although the centimeter may also be used in some instances. For 
all precision machine work the millimeter will be used exclusively. Dimen- 
sions less than one millimeter arc always expressed as a decimal fraction; 
common fractions (74, 14, ete.) arc not used as they arc with customary 
inch units. 

There are exactly 254 millimeters in an inch; thus, onc ineh is equal to 
254 millimeters, exactly. Conversely, one millimeter is equa 
0393700787 inch, which is usually rounded off to 03937 inch 
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To convert inches and millimeters from one to another, use the following 
rules: 


multiply inches by 254 to obtain millimeters 
multiply millimeters by .03937 to obtain inch 


Another method of converting is to use Table 2-3. When the value 
wanted cannot be found directly in this table, find tbe values of an 
equivalent sum; then convert the equivalent values and find their sum to 
obtain the converter value. This procedure is illustrated in the following 
examples, 


Example 2-2: 
Convert 4474 inch to millimeters. 
Observe that 4474=.4 +04 +.007+ 0004. Find the millimeter equiva 
lent of each term of the sum and add. 
10.16000: 
1.01600 mm 


Example 2-3: 
Convert $0.92 mm to inches. 


‘The converted dimension must be rounded-off to be consistent with the 
logeee of precision required hy the job. In Example 2-2, when working to 
the millimeter equivalent of a "thousandths" of an inch (001 m) the 
answer would be 11.36 mm; when working to “tenths” (0001 in.) the 
answer is 11.364 mm. In Example 2-3 the answer is 3.186 in. and 3.1858 
in. when working in "thousandths" and “tenths” respectively. When con- 
v some cases the converted dimen- 
sion must not exeeed and in others not be less than the original dimension. 
For example, if the dimension in Example 2-3 is a shaft diameter, the 
converted dimension may be required not to exceed the original dimen- 
sion, in whieh ease it would be 3.185 in. when working to "thousandths." 
[fit is a hole diameter the converted dimension may be required not to be 
less than the original dimension, in which ease it should be 3.186 in. as 
before. In Example 2-2, the shaft and hole diameters would be 11.36 mm 
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Table 2:3. Inch—Millimeter and Inch—Centimeter 
Conversion Table * 
(Based on 1 inch = 25.4 millimeters, exactly) 
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and 11.37 mm respectively. This procedure should, however, be applied 
only when conditions affecting the dimensions are known; otherwise, use 
the procedure first described. 


Metric Steel Rules 


‘The graduations on metrie rules are in millimeters on one seale and 
one-half millimeters on the other. Usually each ten millimeter length on 
the rule is numbered on consecutive sequence. On the steel rule in Fig. 
2-82, the direetion of the seales on the two sides are reversed for the 
convenience of the user. To compare the smallest graduation on metrie 
and inch rules: 10 mm is equal to 039 in, as compared to 031 in. for 
Ya in.; 05 mm is equal to 0197 in., as compared to .0156 in. for %, in. 
Metrie rules are made in lengths of 150 mm (approximately equivalent to 
а 6 inch rule), 300 mm, 500 mm, and 1000 mm. Steel rules are available 
having metrie graduations on one side and inch graduations on the other 
side. 
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Metric. Micrometers 


‘Two metric micrometer calipers are shown in Fig 2-33. They are 
identical except that the one at B has a vernier scale while the other does 
mot. The micrometer in view A has graduations that will read to an 
accuracy of 001 mm ( 00039 in.) ; the addition of the vernier scale on the 
micrometer in view B allows it to be read in 0002 mm (00008 in.) 
increments. The usual range of each metric micrometer is 0 to 25 mm, 
corresponding to 0 to 984 inch; metric micrometers are available in 
sizes up to 600 mm and larger, if required. 

‘As shown in Fig. 2-34, the reading linc on the sleeve is graduated in one 
millimeter (1,00) increments above the line, and below the line cach 
millimeter is divided in half by a graduation. Therefore, the reading line 
is divided into one-half millimeter inerements by the graduations above 
and below the reading line. Every fifth line above the reading line is 
numbered from 0 to 25, indicating five millimeter (500) intervals between 
the numbered lines. 

‘The pitch of the spindle serew on metric micrometers is one-half milli- 
meter (050 mm). One revolution of the spindle will, therefore, advance 
the spindle 0.50 mm toward or away from the anvil. Since the thimble 
moves with the spindle, it will also move 0.50 mm, which is equal to the 
distance between graduations on the reading linc. 

The beveled edge on the thimble is graduated into 50 divisions, every 
fifth line being numbered. Each division represents a rotation of 340 of a 
revolution by the thimble and the spindle serew. Since one complete 
revolution of the thimble and spindle serew causes a movement of 0.50 
mm by the spindle, Ji, of a revolution will cause a movement of 
140050 mm, or 001 mm. Thus, onc graduation on the thimble equals 
001 mm, two graduations 0.02 mm, three graduations 003 тип, ete. 

То read the metrie micrometer, simply add the number of millimeters 
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Fig 2-32 Steel rule with metric graduations 
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hout vernier seale; graduated 
le; graduated to read to 0002 mm. 


and half-millimeters visible on the sleeve to the number of hundredths of 
а millimeter indicated by the thimble graduation coinciding with the read- 
ing line on the sleeve. To illustrate this procedure refer to the reading 
on the mierometer seale in Fig. 2-31 and follow the steps below. 


1. Read the large number visible on the reading line 

and express as whole millimeters, 500 
2. Count the number of graduations visible above and 

below the reading line that are visible beyond the 

large number and multiply by 05, or 1x05 50 
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Fig. 24. Reading а metrie micrometer sesle graduated to read to 001 mm. 


3. Read the graduation on the thimble coinciding with 
line and multiply by 0.01, or 28 x 0.01 28 
578 mm 


D 


Metric vernier micrometers (Fig. 2-35) are used like those graduated 
in hundredths of a millimeter (0.01 mm) except that an additional reading 
of two thousandths of a millimeter (0.002 mm) is obtained from the 
vernier scale. To read а vernier micrometer, first read it as before to 
obtain a reading to the nearest 0.01 mm. Then find the graduation on the 
vernier scale that coincides with a line on the thimble scale. If this line 
is marked 2, add 0.002 mm to the reading; if it is marked 4, add 0.004 
mm, ete. In view B, Fig. 2-35, the micrometer reading is exactly 5 mm. 
‘The reading in view C is obtained as follows: 

1. Read the large numbers visible on the reading line. — 5000 
2. Count the graduations beyond the large number and 


multiply by 0.5. ооо 
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Fig. 215. Reading a metric vernier micrometer graduated to read to 0.002 mm. 


3. Read the graduati 
the reading line. 
moved to the first line beyond 0. 000 

4. Read the line on the vernier scale coinciding with a 
graduation on the thimble 008 

5. Add to obtain the answer. 5008 


n on the thimble coinciding with 
this case the thimble has not 


Metric Vernier Measuring Instruments 


Metric vernier height gages, vernier calipers, and other vernier measur- 
ing instruments read to an accuracy of 002 mm, which is equal to 00079 
inch. Like inch reading verniers, there are two types of metric vernier 
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scales, 25-division and 50-division seales. Some vernier measuring instru- 
ments have two sets of graduations, one in inch units and the other in 
millimeters 

А 25-division vernier is shown in Fig 2-36. The primary scale 
graduated in 0.50 mm increments, and every twentieth graduation is 
numbered 10 mm, 20 mm, 30 mm, ete. The vernier scale is graduated into 
25 graduations, each representing 0.02 mm. Every fifth vernier graduation 
is numbered 0.10 mm, 0.20 mm, 030 mm, 0.10 mm, and 050 mm. To read 
а 25-division metric vernier, follow the steps below and refer to Fig, 2-36, 


1. Read the numbered graduation on the primary seale. 4000 
2, Count the number of graduations between the num- 

bered graduation on the primary seale and the zero 

graduation on the vernier scale, and multiply by 

0.50; 8x 0.50 150 
3. Find the graduation on the vernier seale that 

coincides with a graduation on the primary scale; 

then read the vernier seale. Each vernier graduation 

represents 002 min, In the illustration, the vernier 

seale reading is 0.18 mm, as indicated by the st as 
4. Add together to obtain the reading. 3168 mm 


The vernier shown in Fig. 2-37 has two sets of graduations, one in inch 
units and the other in millimeters. Each vernier scale has 50 divisions. 
The primary metric seale is graduated in 100 mm increments, with 
every tenth graduation numbered in sequence 10 mm, 20 mm, 30 mm, ete, 


= 


| fs 


Contes of The L. &. Starrett Company 
Fig 2-36. Metric 25-division vernier seale. 
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Fig. 2.37, Vernier 


cales graduated to read in metric (above), and inch (below), units, 
rh seales are SO-division vernier scales, 


‘The metric vernier seale has 50 graduations, each representing 002 mm. 
Every fifth graduation is numbered in sequence 0.10 mm, 0.20 mm, 
0.80 min, 090 mm, and back to 0. To read a 50-division metric vernier, 
follow the steps below and refer to Fig. 2-37. 


1. Read the numbered graduation on the primary 

metrie seale. 2000 
2. Count the number of graduations between the num- 

bered graduation on the primary scale and the zero 

graduation on the vernier scale. Each graduation 

is one millimeter. 700 
3. Find the graduation on the vernier seale that 

coincides with a graduation on the primary seale; 

then read the vernier scale. Each vernier graduation 

represents 002 mm. In the illustration the vernier 

senle reading is 0.42 mm, as indicated by the stars _42 
4. Add together to obtain the answer. 2742 mm 


Converting 27.42 mm to inch units gives 1.079 inches, which is the read- 
ing on the inch scale in Fig. 2-37. 
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Miscellaneous Tools 


А perusal through a toolmakers' catalog will show that there are other 
took useful to machinists and toolmakers. It is not possible to catalog 
all of these tools in this volume. Many of these tools would be used 
primarily only on a certain type of work; e.g, die makers’ squares, deep 
throat micrometers, ete. Other tools have à more universal application, 
such as priek punches, center punches, beam trammels, radius gages, 
metric thread pitch gages, toolmakers’ parallel clamps, V-blocks, ete. The 
application of many of these tools will be illustrated in other chapters. 
in this book. 


The Basic Nomenclature of Measurement 

The nomenclature of measurement deals with the definitions of the 
terms encountered in the field of measurement, The topics in the re- 
mainder of this book will be more meaningful after a study of these 
terms 


Nominal Size is the ideal size to which a part, or two mating parts, is to 
be made. It does not take into account the clearance, or interference 
necessary in fitting two parts together, so that they will function as 
desired. Nor does it take into account the deviations in size resulting 
from the manufacturing process. 


Allowance is the intentional clearance between two mating parts so that. 
they will work together as desired when they are assembled. In the case 
of а press, or shrink fit, allowance is the intentional interference between 
two parts, 


Limits are the maximum and the minimum permissible dimensions of 
the size of а part. For example, a bore may be specified to have a 
diameter between 6.750 and 6.756 inches, in which case 6750 and 6.756 
inches are the limits 


Upper Limit specifies the largest size to which a dimension on a part is 
to be made. In the example above, 6.756 inches is the upper limit. 


Lower Limit specifies the smallest size to which а dimension on a part. 
is to be made. In the above example, 6.750 inches is the lower limit. 


Tolerance is the specification of the total permissible variation of size 
of a dimension on a part. The total tolerance in the above example is 
1006 inch. In some instances this is expressed in terms of plus or minus 
from a given basie size (basic size is described below). For example, the 
tolerance in the example above might also be expressed as 5.003. 


Basic Size is that size from which the limits of a part are obtained by the 
application of tolerances. It is sometimes considered as the "ideal" size 
of the part. For example, if the ideal size or the basic size of a bore is 
6.753 inches and the tolerance is = 003, the limits of the hole would be 
6.750 and 6.756 inches. 
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Unilateral Tolerance refers to a permissible deviation in the basic size in 
one direction only; ie, this specification states that the part is to be made 
with the basic size as the lower limit, or with the basic size as the upper 
limit. An example of a unilateral tolerance would be 6.750 + 003. An- 
other example would be 6.775 — 002. 

Bilateral Tolerance refers to a permissible deviation from the basie size 
їп two directions; i.e., this specification would state that the basie size 
is neither the upper nor the lower limit and that the part may be slightly 
larger or slightly smaller than the basic size. Bilateral tolerances may 
be equal or unequal. An example of an equal bilateral tolerance is 6,753 
* 003 inches. An example of an unequal bilateral tolerance would be 


+0 
6.752 #1000 inches. 


Precision refers to the degree of dimensional refinement to which a part 
is made or to which a machine is capable of working. A part which is 
made to, or a machine which will produce parts, with a very small di- 
mensional tolerance is said to be precise. 


Accuracy refers to the confirmation of a part to the requirements specified 
by the dimensional tolerance. A part that is within the required dimen- 
sional tolerance rate. If the required tolerance is very small, say 

OOI inch, the part is also precise. If the tolerance on a machined part. 
is large, say, = Мв inch, a part is accurate if it falls within this range, 
yet, at the same time, it would be considered to be imprecise 


cHAPTER 3 


Layout Work 


Castings, forgings, weldments, and rolled sections are laid out in order 
to establish reference lines or planes which are used to set up the part оп 
the machine, to outline the surfaces that are to be machined, and to show 
the approximate amount of metal to be removed from each surface, 
Castings and forgings in particular, have excess material on all surfaces 
which are to be machined, including cored holes. One purpose of the layout 
is to determine if enough metal exists on all of these surfaces to “elean up” 
or "machine out.” Sometimes, a core will shift in making a casting, result- 
ing in insufficient metal to "machine out.” When the core shift is only а 
small amount this ean be corrected in the layout; at other times, the cast- 
ing must be serapped. However, it is best to know that the casting will be 
serap before any expense is encountered in machining. 

Two other reasons for laying out workpieces that are to be machined 
are to locate and outline the position of holes that are to be drilled and 
to outline keyways that are to be cut. Although castings, forgings, and 
weldments are usually laid out before machining any surface, additional 
layout work is often done after one or more machining operations have 
been finished. In some cases, usually involving rolled material, the initial 
layout operation is performed after several machining operations are 
completed. Not all workpieces are laid out. Parts made from bar stock 
and those parts having a relatively simple shape are often machined 
directly, without making a layout. 

The layout is usually made from a reference surface which is a plane, 
Surface plates, layout plates, layout tables, floor plates, and the top of 
machine-tool tables are used in making layouts. They must be kept clean 
and free from scratches, nicks, and burrs that would impair the accuracy 
of the reference surface and the layout work done upon it. Other tools 
used to do layout work include precision steel rules, layout rules, squares, 
bevel protractors, surface gages, height gages, scribers, hermaphrodite 
calipers, dividers, prick punches, center punches, hammers, V-blocks, 
parallels, angle plates, and a variety of clamps. Layout machines (see 
Figs. 3-16 and 3-17) have been developed that greatly facilitate the 1 
out operation. 


Painting for Layout. 


The first step in making any layout is to paint the surface. Surfaces 
that have a smooth finish are usually painted with a blue layout dye. 
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Brushed onto a clean surface it dries rapidly, providing a blue back- 
ground that makes seribed lines stand out sharply and clearly. The sur- 
faces of rough castings and forgings are usually painted with a specially 
prepared white paint. This paint is composed of a suitable white pigment. 
mixed with alcohol, which evaporates rapidly upon application, enabling 
the paint to dry in a short time. This mixture should be thin so that it 
will spread easily on the metal surfaces. White blackboard chalk can be 
used when no paint is available; however, it is not permanent and is not 
а good substitute for layout paint or dye. 


Layout of Hole Location for Drilling 

The procedure for laying out holes that are to be drilled in a thick 
plate is shown in Fig. 3-1, A through F. The dimensions of the hole loca 
tions are given in F. The surface finish of the plate is smooth; free from 
nicks and burrs. After painting the surface that is to be laid out, the 
workpiece is clamped to the angle plate with one edge resting on the 
layout table as in A. For clarity, the clamps are not shown. Using a pre- 
cision steel rule that is held in an upright position, the surface gage, 
shown in A, is set so that the seriber point is exactly 5 inches (134 + 
3347) above the lower edge of the workpiece. With this setting the surface 
gage is then used to seribe a horizontal line as shown in В. In a similar 
manner, a second horizontal line is seribed 1% inches above the lower 
edge of the workpiece. With а steel rule positioned as shown in C, the 


Fig 3-1. Steps in laying out holes for drilling. 
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15-inch, 3%-inch, and the 4-inch distances are laid out with a scriber. 
The location of cach hole is marked by two scribed lines which come to- 
gether to а point. The two lower holes are laid off by scribing two vertical 
lines with а scriber and a square, as shown at D. An alternate method is 
illustrated in E, where the workpicee is turned 90 degrees and reclamped 
оп the angle plate. The workpiece is correctly positioned by aligning the 
seribed line with the blade of a square. The 15-inch, 34-inch, and 4-inch 
dimensions are then laid out with a surface gage. 

А prick punch is carefully positioned at the center of each hole, as 
determined by the layout lines, and a mark is made by tapping the punch 
with а hammer. Using a rule, dividers are then set to the radius of the hole 
to be drilled, and a circle, equal in diameter to the hole diameter, is 
seribed at each hole location. (See Fig. 3-2.) The center of each hole is 
punched again with a center punch and а hammer, and four “witness 
marks” are punched on the scribed circles as shown in F, Fig. 3-1. The 
purpose of the witness marks is to provide points of observation when 
starting to drill the hole with the point of the twist drill, The seribed 
lines can be rubbed off by the chips but the witness marks will remain, 
The circle and witness marks are usually omitted for holes that are 
approximately % inch, or less, in diameter. 

‘There are other procedures that can be used to lay out holes, two of 
which are shown in Fig, 3-3. At the left, a combination square and rule is 
used, while at the right, the layout is made with hermaphrodite calipers. 
Often, combinations of all of these procedures are used to lay ош a part 


Conner of The L 5. Starrett Company 
Fig. 3-2 Seribing hole diameters on а hole layout using spring dividers. 


Layout of Cylindrical Part 

Layout operations on cylindrical parts usually require that the point 
of the surface-gage scriber be set on the exact center of the workpiece. 
‘The procedure for doing this is shown in Fig. 3-4, A through D. This pro- 
cedure is preliminary to finding the exact center of the end faces of the 
‘workpiece, prior to center drilling the ends in preparation for turning the 
part between centers in a lathe (See D.) It is also required when holes 
and keyways are to be laid out, as shown in E and F. 
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Courtesy af The L. 3. Starrett Company 


Fig. 3-3. (Left) Using combination square and seriber to lay out plate. (Right) Using 
hermaphrodite calipers to ay out plate. 
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‘The part is first painted in the areas to be laid out. After the paint has 
dried, the part is placed in a V-block which is standing on a layout table. 
‘The procedure for laying out the cylindrical part for the different con- 
figurations mentioned above will be described in the following steps, and 
by referring to the diagrams in Fig. 3-4. 


1 


3 


Ta. 


ть 


Te. 


» Adjust the surface-gay 


Adjust the position of the surface gage scriber to the estimated 
venter of the work. 

Scribe a line from А to В. (See diagram A, Fig. 3-4.) 

Rotate the work approximately 180 degrees or one-half turn, 
until the В end of line AB is aligned with the surface-gage seriber. 
Scribe line BA’. (See diagram В, Fig. 3-4.) 

Note: A'B may come out above AB, instead of below AB, as 
shown, 


scriber one-fourth the distance from 
A’ to А. (If A'B coincides with AB as in diagram C, Fig. 3-4, 
the surface-gage scriber is set at the exact center of the work, 
thus steps 5 and 6 are not required.) 


Repeat stepa 2 through until AB ынде, with 4'B as shown in 


am C. Twoor three trials should be all that are normally re- 
ed to obtain the ting o te surace-gge ere. 

To locate the center of the end face for drill and countersinking 
in preparation for turning between centers in a lathe, scribe two 
additional lines with the surface gage as shown in D, Fig. 3-4. 
The intersection of any two of these lines will be the exact cen- 
ter. The third line serves as a check on the accuracy of the 
work. If all three lines intersect at the same point, the work is 
accurate. 

The layout at E, Fig. 3-4 is for a hole that is to be drilled both 
perpendicular to, and through, the axis of the work. The scribed 
line is extended along the cylindrical surface of the work with 
the surface gage scriber set "on center.” The distance from the 
end face to the center of the hole is laid out with hermaphrodite 
calipers, as shown, or with a scriber and a rule. This location is 
prick punched, and a circle, equal to the hole diameter, is scribed 
with dividers. The center of the hole is center punched and wit- 
ness marks are punched around the circle. Often, two very light 
prick punch marks are made on the scribed line on the end face, 
аз shown, which serves as a guide when setting up the part on 
the drill press. 

The procedure for laying out a keyway at an angle to a hole 
is illustrated in F, Fig. 3-4. The hole is laid out as explained in 
step 7b. A bevel protractor is then set to do the required angle. 
‘The scribed line on the end face corresponding to the hole is then 
aligned with the blade of the protractor, as shown. Thus, the 
work is positioned in the V-block for laying out the keyway. A 
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line is seribed across the end face and along the cylindrical por- 
tion of the work with the surface gage set "on center.” Using a 
rule, the seriber of the surface gage is set above center; a distance 
equal to one-half of the width of the keyway. A line is then 
seribed with the surface gage as shown in Fig. 3-4, F. Similarly, 
a line is seribed below the center to outline the sides of the key- 
way. The depth of the keyway is marked, and using a scriber 
and a square, a vertical line is seribed on the end face. The 
length of the keyway is laid out with a seriber and a rule. A 
seriber mark and а prick punch mark are then made at a dis 
tance equal to one-half of the width of the keyway, from the 
end. Using dividers set in the prick-punch mark, a half circle is 
then scribed at the end of the keyway layout to complete the job, 


Procedures other than those deseribed in step 7a can also be used to 
locate the center of the end face. When the eylindrieal surface is rough, 
the use of the hermaphrodite calipers will tend to give more accurate 
results than do other methods as the caliper leg will contact a greater 
length of the cylindrical surface as it is moved along, thereby averaging 
out small irregularities. The method of using hermaphrodite calipers is 
shown in A, Fig. 3-5. When the cylindrical surface is fairly true, a center 
head, shown in Fig. 3-5, B, is a fast and accurate method of performing 
this operation. Two or three lines are seribed with the blade held in 
different positions on the work. The intersection of these lines is the 
center of the end face. A center punch mark C, is made to mark the center. 
In Fig. 3-5, D, a bell center is shown. The conical surface locates the 
punch at the center of the end face without the necessity of making a 
layout. The punch is struck with а hammer, to mark the center. Bell 
centers should only be used when the workpiece is fairly round. 


Lp 


Fig. 35. Laying out center, on end face of cylindrical work. A. Using hermaphrodite 
calipers; В. Using center head; C. Using center punch; D. Using bell enter 


Layout of Equally Spaced Holes on Hole Circle 
А form of construction frequently encountered is the placement of 
holes in a circular pattern, as shown in Fig. 3-6. The circle on which the 
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hole is located is called a hole circle. The center of the hole circle is often 
located in the center of a larger central hole. In such а case, it will be 
necessary to press a wooden plug or stick (see Fig. 3-6) into the central 
hole. Prior to pressing the plug or the stick into the hole, a large-head 
nail is driven into the center of the stick. The center of the central hole 
сап now be found with hermaphrodite calipers, or by using a surface gage 
and а rule. A light prick-punch mark made at the intersection of the 
scribed lines on the nail head locates the center of the central hole. This 
prick-punch mark anchors one leg of the dividers, or trammel points, 
while the other leg is swung in an arc to seribe the hole circle. 

‘The next operation is to set the dividers to a distance D (see Fig. 3-6), 
and to scribe the center of each hole. Usually, the position of one of the 
holes is defined by the drawing; however, in some cases, no starting loca- 
tion is given, as in the case of the ring in Fig. 3-6. In either case, a prick- 
punch mark is made at the center of the first hole. The dividers, set at 
the distance D, are then positioned in this prick-punch mark and a short. 
are is seribed across the hole circle. A prick-punch mark is made at the 
intersection of the are and the hole circle. This procedure is repeated 
until the centers of all of the holes have been located. To complete the 
layout, circles are scribed with dividers and witness marks are punched. 

‘One of the problems that can be time consuming is the determination 
of the distance D, at which the dividers must be set to obtain equally 
spaced holes around the hole circle. A unique situation arises when the 
number of equally spaced holes is six. In this case, the distance D is equal 
to the radius of the hole circle. When there are relatively few holes equally 
spaced around the hole, circle D can be determined by trial-and-error. 
When there are many holes, however, the trial-and-error method is slow 
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and inaccurate. A better way is to calculate D, as explained in the two 
steps below (see Fig. 3-6) :* 
1. Caleulate the included angle Ø, which is the angle between two 
adjacent holes on the hole circle. This is done by dividing the 
number of holes in the hole circle into 360° or 


9- No. holes in hole circie 
2. Calculate D by multiplying the diameter of the hole circle by the 
sine of one-half of the angle 4* 


ИС 


Example 3-1: 
‘Twenty equally spaced holes are to be placed around a 10-inch diameter 
hole circle. Caleulate the distance between cach adjacent hole. 


= 18° 
2 (From a table of trigonometric functions, sin 9° = 15643) 


= 10 x sin 9° 
= 10 x 15643 
= 1.5643 inches 
This is approximately 1% inches, since the decimal equivalent 
for % «inch is 5625 inch. 


Layout of Large Castings 

Large castings vary so greatly that the layout procedure to be described 
must be rather general. There are, however, certain specific steps to be 
taken when laying out any large casting which, when completed, accom- 
plish a desired objective. These steps, given below, can serve as a guide 
for laying out any large casting. 


2A table of chord legtha for off circles for а wide range of hole numbers 
infin la Мешеу а Istana! Prem Ta. 


2 The sine can be found in any table of natural trigonometric functions that are given 
эп various handbooks 


Fig. 3-2, A, Principle of aligning a casting on a layout table for the first setting. Either. 
set of ҮҮ: distances ean be used, but not both. B. Principle of aligning casting for 
second setting. 
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1. Place the work on parallel blocks that have been previously placed 
in position upon the layout table. Since the surface of the casting 
is rough, it is usually necessary to add shims to prevent the cast- 
ing from rocking. Screw jacks are used, sometimes, in place of 
parallel blocks and shims. 

2, Paint the casting with a white layout paint on all surfaces on 
which layout lines are to be ecribed. 

3. Establish a reference plane by selecting and leveling two horizontal 
lines, or planes, that arc at right angles to each other on the cast- 
ing. This is the initial step in actually making the layout. The 
principle of establishing a reference plane is illustrated in A, 
Fig. 3-7. A block having two perpendicular axes is shown, Each 
axis is parallel to the top and the bottom surfaces, or planes, on 
the block. The pair of axes may or may not actually intersect each 
other. The top and bottom surfaces, or planes, of the block will be 
parallel to the top of the layout table when the distances Y and 
У’, taken from the top of the table, are equal to each other and 
when the distances X and X” are сша! to each other. It is not 
necessary for Y and Y" to be equal to X and X^ 

In order to establish the reference plane on the casting, a start- 
ing point must be sclected. Sometimes, a flat surface can be used 
эв а reference plane, in which case this surface is leveled with a 
surface gage or placed in а perpendicular position with a square. 
Care should be exercised in selecting plane surfaces as reference 
planes because they often are made to have “draft,” an intentional 
taper which is provided to enable the pattern to be removed from 
the mold in the foundry. Cored holes scidom are made with draft. 


Fig 3-8. Checking starting reference point of layout with a surface-gage and a ruler. 
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The axis of a cored hole, therefore, frequently affords a better 
reference position than does a plane surface. The axes of two per- 
pendicular cored holes also are frequently used to establish a 
reference plane on a casting. Figure 3-8 shows the center of a 
cored hole being checked with a rule and a surface gage. This 
cored hole passes through the casting and the axis of the cored 
hole is selected to establish the reference plane. The casting is 
leveled until the cored hole axis is parallel to the layout table; 
this is accomplished by making the distance from the table top to 
the center of the cored hole, equal at each end. If necessary, 
shims are used to adjust the position of the casting. A similar pro- 
cedure is used to find, and then to level the second axis, which ìs 
perpendicular to the first axis. When adjusting the casting to bring 
the second axis parallel to the layout table, raise and shim two 
corners of the casting an equal amount. This is necessary in order 
to maintain the parallelism of the first axis 


Fig. 3-9.Setting the layout scale to the stating reference point, 
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Fig. 2-10. Seribing a fih line for 


surface to be milled with а surface gage. 


4. Position the rule, or if used, the layout scale, with respect to the 
casting. A layout scale, Fig. 3-9, has graduations which have been 
specially cut to mark the dimensions that are to be laid out on a 
particular casting model. When quantities of the same casting 
models are to be made, the layout scale will pay for itself by 
reducing the time required to make the measurement and by re- 
ducing errors in reading the rule. When only one or two castings 
are to be laid out, a precision steel rule is used. In either case, 
the layout scale, or the rule, is adjusted vertically on the rule 
holder until one of its principal graduations (say, an inch mark) is 
exactly aligned with the point of the surface-gage scriber, with 
the scriber positioned on the reference axis. In Fig. 3-9, two lines 
are shown scribed across the cored hole containing the reference 
axis; the layout scale is being positioned with respect to this a» 
using the surface gage. 

5. Check the amount of metal available for machining on all surfaces 
that are to be machined. The purpose of this step is to determine 
if enough metal exists on each surface in order to “machine out" 
or "clean up." The dimension of each surface is checked with the 
surface gage, then a line is seribed to mark the location of the 
surface to be machined. Figure 3-10 shows a finish line being 
scribed on а casting, to define a surface that is to be milled or 
planed. 

‘The amount of metal to be machined in cored holes is checked 
by scribing two lines, one above and one below the axis of each 
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Fig 3-11, Prick punching the frst setup line 


cored hole. The same cored hole is checked again in the second 
setup of the casting when the casting is positioned 90* from its 
present position, as described in Step 7. Thus, the hole will have 
four seribed lines as shown in Figs. 3-13, 3-14, and 3-15, which will 
determine if sufficient metal is available to clean up when it is 
machined. 

‘The layout procedure sometimes will show that there is in- 
sufficient metal on a plane surface, or on a hole, to “clean up." In 
this event, the rule or the layout scale is moved up or down, as 
required, but far enough so that there will be sufficient metal to 
“clean up” the defective surface. Every other surface must now 
be checked again to make certain that this move will not result 
in the failure of some other surface to be cleaned up. Occasion- 
ally, a core will shift sufficiently in making a casting to cause the 

surfaces to be badly misaligned. In such a case the layout 
will indicate that it is impossible to “machine out” all surfaces 

‘The casting must then be scrapped unless it can be salvaged by 

welding. 

6. Scribe the first setup line around the casting. It should then be 
prick punched at convenient intervals, as shown in Fig. 3-11. 
‘The setup line defines a plane that is parallel to the two origina 
mutually perpendicular axes that were selected in Step 3. This 
line will determine the alignment of the setup on the machine 
and it will also indicate a starting point from which other ma- 
chined surfaces are dimensionally tied. It is sometimes convenient 
to have the setup line coincide with the center of the casting. 

7. Establish the second reference plane. The second reference plane 
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12, Resetting work to first setup line using а square. 


is required to check the amount of material on all surfaces for 
“elean up,” and to seribe a second setup line which is used to 
align the part in the machine when setting up. The work is reset 
оп the layout table by turning it 90°. The principle of aligning 
the part on the layout table for the second setting is shown in B, 
Fig. 3-7. The first layout line (Step 6) is aligned perpendicular to 
the top of the layout table, using a square, as shown in В, Fig. 3-7 
and also in Fig. 3-12, The original axis (the cored hole in the cast- 
ing illustrated) is then made to be parallel to the top of the layout 
table by making distance X equal to X” (see B, Fig. 3-7). In 
practice, this is aecomplished with а rule and a surface gage as 
shown in Fig. 3-8, and deseribed in Step 3. 
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Seribing the second setup line 


& After the casting has been set up and ali 


ved with the first setup 


line perpendieular to fl lo and with a reference axis positioned 
parallel to the table, the part of the layout work ean procced. 
Fach surface that requires machining is checked and the necessary 


layout lines ure series by repeating Steps 4 and 5. 


9. Seribe the second layout line completely around the casting, as 
shown in Fig. 3-13. Ti 
asting on tho 


will alo be used in setting up the 
machine. 


To avoid ecce 
axis of a small diameter hole sho; 


rie euts with small boring bars, whenever possible the 

je «elected as a reference axis, When 
hole is not aligned with the axis of rotation of the boring 
bar, the boring tool will avier ext from one side of the hole than 
from the other side. Ti is action causes the boring bar to 
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Fig 3-14. Layout of an engine Isthe tailstock. The frst setup line is alo a layout line 
Tor the first machining operation. 


deflect more on the heavier side wh nsequence, will produce a 
hole that is not in the correct location. To locate the hole correctly, 
several light euts are required, which are time consuming. When the axis 
of the small hole is the reference axis, the layout can be made so that а 
uniform amount of metal is to be removed from all sides of this hole; 
then when the cut is taken the boring bar deflection will be uniform 
around the hole and the hole can be bored in location without difficulty, 
Eccentricity on larger holes is not quite as serious provided enough metal 
exists on all sides to “clean up.” Larger and stiffer boring bars which 
Чо not deflect as easily are usually used to bore large holes. 

Sometimes a setup line is also a layout line, as shown in the layout of 
an engine lathe tailstock in Fig. 3-14. When scribed around the base as 
shown, instead of around the spindle barrel, the first setup line presents an 
easier target to see when setting this casting up on the machine. Since it is 
longer, the setup will also be more precise. The first machining operation 
will be to machine the base to the setup Line, which acts as a layout line, 
When finish machined, this surface will act as a reference surface for 
locating the vertical position of the hole while the second setup line is 
used to locate the axis of the hole. 

Many machining operations are performed by adjusting the cutting tool 
to cut to the layout line with surprisingly precise results. It is not usually 
difficult to work to a tolerance of = 005 inch (=0.127 mm) by this 
procedure and often even a closer tolerance can be obtained. When very 
precise tolerance must be obtained, the layout line serves only as a guide 
and the fine adjustments of the machine tool and the cutting tool are 
used to obtain the required tolerance. 
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п good casting that does not require 
сого hole that will not "clean up,” as determined by the layout, C. Adjusted layout 
‘to provide sufficient metal on all machined surfaces to "clean up.” 


‘Adjusting the Layout 


As mentioned before, when the first layout shows that a particular sur- 
face will not "clean up" when machined, the casting or weldment can often 
be saved by adjusting the layout. The layout of the gear housing in Fig. 
3-15A shows that this casting will "dean up” on all surfaces to be 
machined. In this instance, the centerlines of all of the holes were scribed 
because it was convenient to locate the scribed lines that define the 
finished diameters from these centerlines. This procedure is used when 
convenient, but not always. While requiring more work, it will decrease 
the chance of an error occurring. 

‘Another gear housing casting is shown in Fig. 3-15B which will not 
"clean up.” The core of the larger hole has dropped, leaving insufficient 
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to lay ont a ranting. 


metal in the hole to he machined out. To save this rasting the entire 
layout is lowered, as shown in Fig. 3-15С. All of the surfucos to be 
machined that are affected by this shift in the layout must be checked 
to sce И they clean up before procceding further with the layout. When 
these surfaces have been proven to have enough metal to clean up, the 
first setup line is seribed amd the casting can be positioned to make the 
second part of the layout. 


Layout Machines 

The layout work just described can be greatly simplified, and the 
accuracy greatly inereased, by the use of layout machines, A layout 
machine is illustrated in Fig. 3-16. The layout scriber can be moved 
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‘скинь ofthe Boss Automation & Mesreerent Div. 
Fig 3-17. Layout machine used to lay out a eylitder block 


horizontally, or parallel to the layout table, by moving the entire ma 
chine and by sliding the horizontal arm. It can be moved vertically by 
moving the arm assembly up or down the column. Vernier scales attached 
to the column and the arm make possible accurate vertical and horizontal 
movements. Circles can be scribed with the circular scribing attachment. 
shown in Fig. 3-16. 

One of the great advantages of the layout machine is that the need 
for а second sctting is generally eliminated. All surfaces can be laid out 
im one setting. Figure 3-17 illustrates an automobile cylinder block 
positioned on a rotary table and bcing laid out with a layout machine. 

Two very typical layout jobs on larger castings arc shown in Figs. 3-18 
and 3-19. One great advantage of the layout machine is that both setup 
lines can be seribed perpendicular to cach other in onc sctup, or sctting, of 
the casting on the layout table. Sometimes it is also possible to seribe all 
of the layout lines in one setting of the casting. A sccond setting of the 
casting is required whenever layout lines must be seribed on the surface, 
or surfaces, of the casting facing the layout table during the first sctting, 
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or when а setup line must be continued on these surfaces. The layout 
machine is used to align the workpiece in making the second setting by 
using the seriber on the arm of the layout machine to check the alignment. 
of the setup lines previously scribed on the casting. 
Production machine tools are usually equipped with work holding fix- 
tures that locate the workpiece so that the cutting tool will machine the 
surfaces of the part in their exaet location without requiring a layout to 
be made, However, on more complicated and expensive eastings, or when 
costly machining operations are to be performed on the castings, a layout. 
ually made prior to machining to verify that the casting will “clean 
up" on all of the surfaces to be ned. A typical production layout 
‘operation of this type is shown in -20. The cylinder block in this 
illustration is mounted on a special layout fixture for this layout opera- 
tion, which is performed by two layout machines, one placed on each side 
of the casting, 


Coney ofthe Dende Awtor 


Fig. 3-20. Production layout of castings using two layout machines, one on cach side 
of the casting 
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Cert of the Bendit Automation & Mearomen Dis 


Fig 321. Layout machine with a digital readout 


Layout machines may be equipped with a digital readout system, as 
shown in Fig, 3-21. The numbers on this display are clearly visible, which 
saves time and reduces the possibility of an error in reading the small 
scales on the ordinary layout machine. The digital readout can be turned 
оп to read either in inches or in millimeters. The readings can be in 
increments of 001 or 005 inch, or in 0.01 or 0005 millimeter. 


CHAPTER 4 


Drilling Machines, Twist Drills, 
and Auxiliary Tooling 


Drilling machines, or drill presses, as they are also called, are used to 
‘open, enlarge, and to finish holes by drilling, reaming, boring, counter- 
boring, countersinking, and tapping. These operations are also performed 
‘on other machines such as lathes, boring mills, milling machines, and pre- 
cision jig borers. Many different types of drilling machines have been built 
for handling different classes of work to the best advantage. Some de- 
signs incorporate great versatility in handling a wide variety of different 
workpieces, while others facilitate the mass production of duplicate parts. 
Many modern drilling machines are numerically controlled; others are 
automatically cycled. The horsepower of drilling machines may range 
from a fractional horsepower for drilling small holes to as much as fifty 
horsepower for driving a heavy-duty, multiple-spindle drill head that is 
capable of drilling many holes simultaneously. 


Upright Drilling Machine 

Upright drill presses, illustrated in Figs. 4-1 and 4-2, are general pur- 
pose drilling machines; yet, they can be readily adapted to do production. 
work. The upright drill press shown in Fig. 4-1 has a round column and 
circular table; however, some upright drilling machines, such as the one 
shown in Fig. 4-2, have a box column and a square table. The circular 
table can be raised and lowered. It can also be rotated about the column 
and about its own center. This feature provides a very convenient method 
of aligning workpieces that are clamped to the table, with respect to the 
spindle. The workpieces are clamped with bolts anchored in T slots that 
are machined in the table. An American Standard Morse Taper is used 
to hold and drive twist drills, drill chucks, drill sleeves, reamers, and 
other cutting tools. The spindle housing may be raised or lowered and it 
contains the feed mechanism. An automatic power feed mechanism is 
provided in order to feed the twist drill through the work. Different 
spindle speeds are obtained by shifting the control lever that is on the 
head of the machine. 


Sensitive Drilling Machine 


The machine in Fig. 4-2 is a sensitive upright drilling machine. This 
machine is used for drilling smaller holes and it is not provided with a 
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сомнан of The кемий Machine Tool Company 
Fig. 4-1. Upright drilling machine —round column, circular-table type. 
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Courter of The Fosdick Machine Tosi Company 
Fig. 4-2 Sensitive upright drilling machine—box column, square-table type. 
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Carte of the Cinsins Division of The Ашы Press Company 
Fig 4-3 Bench 


sensitive drill ma 


power feeding mechanism. Instead, it is designed to provide a fine sense 
of feel to the spindle feed lever which aids the operator in feeding the drill 
through the hole. It is similar in construction to an upright drill press 
although its features are lighter. A bench-type, sensitive drill press is 
shown in Fig. 4-3. Very small, sensitive drill presses capable of drilling, 
extremely small holes are built to do instrument work. 


Radial Drilling Machine. 


ге very useful for drilling holes 

* being drilled in a large 
machine frame which is resting on the floor plate, or base, of the radial 
drill press. The arm of the radial drilling machine is supported by a large, 
round column. The arm can be raised and lowered, and it can be rotated 
around the axis of the column. The spindle head, or drilling head, is 
mounted on the arm. It contains the spindle, the spindle speed-chahge 
mechanism, and the automatic power feed mechanism. The spindle head 
сап be moved lengthwise along the arm and clamped in any desired 
location. Thus, the spindle moves in an arc around the center of the col- 
umn, and radially, in or out from the column. This design affords great 
flexibility and ease in positioning the drill in the exact location desired 


Radial drilling machines, Fig. 4- 
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сили ofthe Giddings а Lowie Machine Tesi Company 


Fig. 44 Radia! drilling machine drilling large machine frame which is resting on base 
‘of dill, 


оп the workpiece. The arm of the radial drill press provides a means of 
extending the spindle over a workpiece in order to drill holes in surfaces 
that cannot be reached by the ordinary drill press, as shown in Fig. 4-4. 


‘Turret Drilling Machines 


Some drilling machines are equipped with a turret having six faces. 
Each face has a spindle which can hold a drill or other hole-producing 
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cutting tool The turret is indexed manually or automatically to bring 
each spindle into the operating position with respect to the work. Thus, 
а number of operations can be performed on a hole, or a group of holes, 
without the need to change cutting tools as would be the case if a single- 
spindle drilling machine was used. 


Multiple Spindle and Gang Drilling Machines 

These machines are used for high produetion work. Multiple spindle 
machines have two or more spindles built on a single head. All of the 
drills feed into the work together, resulting in the production of two oF 
more holes, simultaneously. Аз many as thirty or more spindles have been 


Conroe of the Cling Division of Th Alan Pros Company 


dine equipped with air-hydraulic spindle feeds. Multiple 
ds are mounted on two of the spindl 
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builtinto a single head. Special multiple spindle heads have been designed 
which can be attached to the spindles of upright drilling machines. 
Multiple-spindle drilling machines are also called "way-type" drilling 
machines; the name being derived from “ways” on which the multiple 
drill heads slide. One to four ways can be built into one machine, each 
way containing a multiple drill head. The ways can be designed to cause 
the drill heads to slide at any angle from vertical to horizontal 

Gang drilling machines consist of two or more drilling machine spindles 
that are positioned vertically over a single table. Each spindle contains 
different cutting tool and the work is moved from one spindle to the 
next, Gang drill presses are, in effect, upright drilling machines with two 
or more spindles. Figure 4-5 illustrates а gang drilling machine. Multiple 
spindle heads are mounted on two of the spindles and the work is held in 
a box jig which is fastened to the table. The work is moved from one 
spindle to another to complete all of the drilling operations. 


Twist Drills 


‘The basic metal-cutting tool for opening holes in metal is the twist 

drill. Its apparent simplicity and the ease with which it can be used tend 

to obscure the fact that it is a complicated cutting tool with a very com- 

plex cutting action, The twist drill must withstand high torque and thrust 

forces, as well as the temperatures resulting from the formation of the 

Ship, The various elements of a twist drill are defined below and in 
ig. 4-6: 


Azis—The imaginary straight line forming the longitudinal center of 
the drill, 

Body—That portion of the drill exten 
the outer comers of the cutting edge. 

Flutes—The helical grooves cut, or formed, in the body of the drill to 
provide cutting lips, to permit removal of chips, and to allow cutting 
fluid to reach the cutting lips. 

Land—The peripheral portion of the body between adjacent flutes, 

Body Diameter Clearance—That portion of the land that has been cut 
away so that it will not rub against the walls of the hole. 

 Margin—The cylindrical portion of the land which is not cut away to 
provide clearance 

Web—The central portion of the body that joins the lands. The ex- 
treme ends of the web form the chisel edge. The thickness of the 
web is not uniform, but increases from the point toward the shank. 

Point—The cutting end of the drill, made up of the ends of the lands 
‘and the web. In form it resembles a cone, but departs from a true 
cone to furnish relief behind the cutting lips in order that they can 
penetrate into the metal and form a chip. 

Point Angle—The angle included between the cutting lips, projected 
upon a plane parallel to the drill axis, and parallel also to the two 
cutting lips. 


ig from the shank, or neck, to 
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Lips—The two cutting edges extending from the chisel edge to the 
periphery. 

Relief— The result of the removal of tool material behind or adjacent 
to the cutting lip and leading edge of the land, to provide clearance; 
prevent heel drag; and to allow the cutting lips to penetrate into 
the work and form the chi 

Lip Relief Angle—The axial relief angle at the outer corner of the 
lip. It is measured by projection into a plane, tangent to the periph- 
ery, at the outer corner of the lip. 

Chisel Edge—The edge at the end of the web that connects the cutting 
lips. 

Chisel Edge Angle—The angle included between the chisel edge and 
the cutting lip, as viewed from the end of the drill. 

Heliz Angle— The angle made by the leading edge of the land with a 
plane containing the axis of the drill This angle is also the rake 
angle of the drill 

Shank—That part of the drill by which it is held and driven. 

Straight Shank—A shank having the form of a cylinder. Usually pro- 
vided on drills that are to be held in a chuck. 

Taper Shank—A shank having an American Standard (Morse) Self- 
Holding Taper. 

Tang—The flattened end of a taper shank, intended to fit into a 
driving slot in a socket or а machine spindie. 

Tang Drive—Two opposite, parallel driving flats on the extreme end 
of a straight shank. 


Twist Drill Sizes 


‘Twist drill sizes are given in fractions of an inch, number sizes, and 
letter sizes; metric drills are specified in terms of a millimeter. The sizes 
are specified by the American National Standards Institute (ANSI) and 
are shown in Table A-2 in the Appendix, 

Holes produced by twist drills are usually somewhat oversize, as shown 
in Table 4-1. The accuracy of the hole is dependent on the following 
factors: 1. the actual size of the drill diameter; 2. the accuracy of the 
drill point; 3. the accuracy of the drill chuck and drill sleeve; 4. the 
accuracy and rigidity of the drilling machine spindle; 5. the rigidity of 
the drilling machine; and, 6. the rigidity of the workpiece and the setup. 
Sometimes slightly rounding the corners of the lips of the drill at the 
margins with a hone will improve the accuracy of the drilled hole. Since 
the tolerance of most drilled holes is usually quite liberal and the holes 
produced by twist drills are usually somewhat oversize, it is possible to 
drill a rather wide range of metric size holes with inch size twist drills, 
‘Table A-2 in the Appendix provides a guide for this purpose. 
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Table 4-1. Oversize Amount Normally Cutby a Drill 
Under Normal Shop Conditions, in Inches. 


Dui Amount Oversize, Inch 

Dia, Average 

Inch Mean Min 
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x E 001 
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% 05 ооз 
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Twist Drill Geometry 


‘The flutes of most twist drills have a standard helix angle and there 
drills can be used to drill almost all materials. For general purpose work, 
twist drills having a non-standard helix angle are not required; however, 
їп cases where certain materials must frequently be drilled, non-standard 
ngle twist drills are 
made and they are recommended for drilling low tensile strength material 
such as aluminum, magnesium, die casting alloys, and some plasti 
‘There аге also low helix angle twist drills which are used to drill brass, 
soft bronze, and sheet metal. These materials are also drilled using 
straight fluted drills, having a zero degree helix angle, beeause they will 
not tend to pull or run ahead of the fced, and when breaking through the 
hole they will have less tendency to grab. Twist drills having a low helix 
‘angle combined with a thicker web are used when drilling some very hard 
and tough materials. 

After a twist drill has been made, its geometry is fixed except at the 
point, where it may be ground to meet different requirements. The point 
geometry consists of the point angle, lip relief angle, chisel edge angle, the 
lip lengths, and the chisel edge length. Suggested lip relief angles are 
given in Table 4-2. The lip relief angle is dependent on the size of the 
drill and on the type of material being drilled. Lip relief angles are also 
specified in Fig. 4-7 for drill sizes that are approximately 1⁄4 in. (13.0 
mm) and larger. Since the size of the drill is important, the values in 
Table 4-2 should supersede those in Fig. 4-7 for sizes other than № in. 
The importance of the chisel edge angle should not be overlooked. This 
angle gives an indication of the amount of relief behind the chisel edge 
and behind the portion of the lips near the chisel edge. The recommended 
values of the chisel edge angle in Fig. 4-7 will provide adequate relief in 
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Table 4-2. Suggested Lip Relief Angles at the Periphery 


f Г Suneested Lip Reiet Angle 
m Eris 
Drill Sizes a oe k: and 
=a Machining 
Materials 
хаюло Wo Я | 095 tao] O35 to 100 ЕЯ 
еее | Ona DESEE ER 
Моло No.3! | mao to 120| 1000 3% P 
Моло йе | Yass 00) 325 1o 635 ES 
Pun | Зое ИШ sie in is 
Stow ЕЕЕ $85 to 120 ш: 
Е to 7500| 1310 to DS и 
н” and larger | 7656- 1945. 12" 
this region of the drill point. Failure to provide adequate relief will result 


in an increase in the thrust force required to feed the drill and cause the 
drill to wear more rapidly. Along with the other components of the drill 
point geometry, the size of the chisel edge angle should be watched when 
grinding a drill point. 

Drill points recommended for drilling a variety of materials are shown 
in Fig, 4-7. All of these drill points must have two essential requirements, 
shown at А: 1. the lengths of the two lips “L” must be equal; and, 2. the 
angles “А” must be equal. Failure to meet these requirements will cause 
the lips to do an unequal amount of work, resulting, in an excessively 
oversize hole, more rapid tool wear, and place a greater load on the drill. 

There is a standard drill point geometry (sce Fig. 4-7B) that will suc- 
cessfully drill most materials, unless it is exceptionally dificult to drill 
or when an advantage is to be obtained in production drilling. For most 
general purpose work, this drill point is satisfactory and can be recom- 
mended. When drilling tool steels and heat treated steels having a higher 
hardness, the point angle should be increased as shown in Fig. 4-7C. The 
point angle should be increased even more and the lip relief angle re- 
duced when drilling tough materials that tend to harden when they are 
being worked, such as manganese steel. The drill point for such mate- 
rials is shown at D. Sometimes а split point drill grind (views I and J) 
is even more effective for these materials, but this point is more difficult 
to grind. When grinding brass, soft bronze, and sheet metal there is a tend- 
eney for the drill to pull and to grab when breaking through the hole. 
This tendeney is reduced by grinding a flat on the face of each lip, as 
shown in view E. Both flats must be made equal in size. The flats are 
small plane surfaces that reduce the effective rake angle on the cutting 
edges to zero degree. For drilling softer materials the point angle is de- 
creased, which tends to reduce the wear resulting from the build-up of 
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LIP LENGTHS "L" AND — [STANDARD POINT, GENERAL. 

ANGLES "A" MUST BE | PURPOSE, MOST MATERIALS, 
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Ри. АЛА. Suggested drill point geometry for drilling various materiale. 


heat in the comers of the point formed by the lips and the margins, As 
shown in views Е, С, and Н, a slight increase in the lip relief angle is 
also recommended for these materials. Surprisingly, it has been found 
that even soft and medium hard east iron ean be drilled more effectively 
with a more pointed drill point shape (View G). 

The split point, views I and J, is a most effective drill point geometry 
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‘SOFT AND MEDIUM CAST — [WOOD, RUBBER, BAKELITE, 
IRON, HARD WOOD, RUBBER, |MOLDED PLASTICS, CHISEL 
BAKELITE, HARD RUBBER, |EDGE ANGLE 125°-135° 

CHISEL EDGE ANGLE 125°. 


i <= 


ase 


ayn, 


STANDARD SPLIT POINT FOR] MODIFIED SPLIT POINT 
DEEP HOLES, HARD AND | FOR THICK WEB DRILLS 
TOUGH MATERIALS, CHISEL | USED TO DRILL SUPER- 


EDGE ANGLE 90° - 100° STRENGTH ALL! 
тти E 
WV | Шш 
= CHISEL = 
ЕЕ ANGLE 
сне evoe || BEFORE SPLITTING 
pop 
SPLITTING 
55. | 
thy 
р * 
111 | ل‎ |в 


Fig. 1-TB. Suggested drill point geometry for deiling various materials 


for drilling deep holes, extremely hard and tough materials, and mate- 
rials that are highly subject to work hardening. A photograph of this 
point is shown in Fig. 4-8. This drill point should be ground on a ma- 
chine, such as a cutter and tool grinder or a point thinning machine, be- 
cause it is somewhat difficult to grind. The chisel edge is replaced by two 
small secondary cutting edges. The secon 
extrusion of the metal (see Fig. 4-13) in this 
viding instead a better cutting ac better eseape route for the 
chips produced in this region. This reduces the thrust force required to 
feed the drill by as much as one-half, thereby reducing the load on the 
drill and on the machine. The less severe cutting action of the split point 


y cutting edges reduce the 
gion to a minimum, pro- 
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of work hardening of the work material. A 
ndard split point is shown in Fig. 4-8 and in view I, Fig. 4-7, This 
split point geometry is recommended for drilling the more conventional 
steels and for deep hole drilling. The secondary cutting edges at the drill 
point are formed by grinding a 55 degree bevel along the back edge of 
the land as shown. The bevel must also be oriented to form the correet 
splitting angle, which for the conventional split point drill should be ap- 
proximately equal to the chisel edge angle, or approximately 130 to 
135 degrees. At the center, the two cutting edges formed by the split 
should be separated by a small “chisel edge” that is about .005 to .015 
inch (0.13 to 038 mm) wide, depending on the size of the drill. By in- 
creasing the splitting angle 5 to 15 degrees (150 degrees maximum) on 
standard twist drills that are ground to have a split point, the centering 
action, when starting to drill the hole, sill be improved. This type of drill 
point may be used to drill ordinary materials on numerically controlled 
machines. Precipitation or age hardening stainless steels, high tempera- 
ture alloys, and super-high-strength steels should be drilled with a thick 
web drill when possible, where the web is 50 to 200 percent thicker than 
the conventional web. A modified split point, shown in view J, Fig. 4-7, i 
recommended for drilling these materials with а heavy web drill. The 
splitting angle is increased to approximately 170 degrees to lengthen the 
secondary cutting edge, which should extend to approximately one-half 
of the length of the lip, or primary cutting edge. The modified split point 
should not be used on drills having a conventional web thickness. 


ch. 4 DRILLING MACHINES, TWIST DRILLS 89 


Drill points are preferably ground on a machine designed for this pur- 
pose. The drill point grinding machine in Fig. 4-9 will grind a theoreti- 
cally corroet drill point. It can also grind а point having a small nib at 
the tip that will make the drill self-centering when starting. In many 
shops a drill point grinding machine is not available and drill points 
are ground by hand. A skilled machinist or toolmaker can grind а drill 
point by off-hand grinding. This skill is acquired by practice and is dif- 
ficult to deseribe. Briefly, the drill must be positioned against the face 
of the grinding wheel at the correct angle and with one lip held hori- 
zontally. It is held and pivoted in the left hand near the point while it 
is rocked up and down by the right hand, which is holding the shank of 
the drill, At the same time it is rotated clockwise a small amount and 
moved slightly inward toward the grinding wheel. It is returned by mak- 
ing these moves in the opposite directions. Each lip is ground in this 
manner until it is sharp and the point has the correct geometry 


Сеше o the Oliver Instrument Cos Ine 


Fig. 4-9. Oliver drill point grinding machine. This grinder will grind the lip relief 
‘angie increasing as the center of the drill is approached. 
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‘On most twist drills the web inereascs in thickness toward the shank 
end, When a drill is shortened by repeated grinding, the increase in the 
web thickness results in a lengthening of the chisel edge. This, in turn, 
causes the thrust foree required to feed the drill to inercase. For this rea- 
son, whenever the length of the chisel edge is inereascd much beyond its 
original length, the web should be thinned at the point of the drill. Even 
оп new drills it is sometimes advisable to thin the web. 

As shown in Fig. 4-10, in order to thin the web at the drill point, a 
small amount of metal is ground off from both flutes near the chisel 
edge. The sune amount should be ground off from cach flute. For best 
results, the drill should be clamped in position and ground on a cutter 
and tool grinding machine or on a special point thinning machine, using 
a thin grinding wheel that has a rounded face. The position of the twist 
drill relative to the grinding wheel is shown at A, Fig. 4-10. By exercising 
great eare, web thinning, or point thinning, as it is also called, ean be 
done with the drill held by hand. When necessary, itis better to thin the 
web at the point by the off-hand method than not at all 

‘There are two methods of thinning the web. The conventional method 
used on both large and small drills is to grind the lips and the side oppo- 
site the lips as shown at B, Fig. 4-10. The grind should not extend more 
than one-half the length of the lips, or less. On larger drills it is possible 
to grind only on the surface of the flutes opposite to the lips,as is shown 
at C, Fig. 4-10. This is the preferred method on larger drills. 


A 


© 


Fig. 410, A. Postion of twist drill relative to narrow, round face grinding wheel for 
web thinning. B. Conventional grind for web thinning. C. Preferred web-thinning 
rind for larger dile 


Ch.4 DRILLING MACHINES, TWIST DRILLS 91 


Chip Formation in Drilling 

When metals are subjected to the action of a cutting edge that is 
harder and stronger than the metal that is being eut, a chip is formed. 
As the cutting edge engages the workpiece, the material ahead of the cut- 
ting edge is compressed and escapes by flowing in a direction parallel to 
the face of the tool. As the cutting edge continues its penetration, the 
force on the tool and on the work increases until it is great enough to 
cause either rupture or shear within the grains of the metal, on a plane 
that is roughly perpendicular to the face of the tool. This plane is called 
the shear plane and is shown in Fig. 4-11. The shear plane is usually а 
somewhat curved surface rather than a perfectly flat surface. The chips 
may be discontinuous as at A in Fig. 4-11, or they may be continuous as 
shown at B. Brittle materials, such as east iron, tend to form discontinuous 
chips while ductile materials, such as soft steel, tend to form continuous 
chips, Figure 4-12 is 'omierograph of a ductile stecl, showing the 
distortion of the grains along the shear plane in the forming of a continuous 
chip. The lips of the twist drill form a chip in exactly this manner. 

The total cutting action of а twist drill, however, is more complex due 
to the aetion of the chisel edge, shown in Fig. 4-13. At the exaet center of 
the chisel edge the only motion of the drill is such that the action is simi- 
lar to a center punch that penetrates the metal by extruding it sideways. 
As the distance from the center increases, the rotation of the drill becomes 
effective and the ehiscl-edge wedge appears both to eut and extrude the 
metal. The very complex metal deformation ean be seen by the deforma- 
tion of the grains under the chisel edge in Fig. 4-13. This severe defor- 
mation causes the high thrust foree required by twist drills. The severity of 
this deformation, and thereby the thrust foree, ean be reduced by thinning 
the web at the point and even more by the split point grind, 

‘There are then two distinet chip formation actions in drilling, This 


Fig. 4-11, Schematic drawing of formation of chip when cutting metal A. Discon- 
tinuous chip. B. Continuous chi 
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Fig. 4-12. Photomicrograph of a metal chip formed by a cutting edge such as the lips 
‘of a twit dei 


can be readily seen in Fig. 4-14, which clearly shows the chip formed by 
the lip, as distinet from the chip formed by the chisel edge. In this respect, 
twist drills are unique among the metal-cutting tools 


Reamers 

Figure 4-15 illustrates а chucking reamer and a hand reamer, and it 
defines their respective individual elements. Reamers are used to finish 
cut holes to a precise dimension and to provide a smooth surface finish on 
the walls of the hole. They are precision cutting tools that must always 
be handled with саге to prevent chipping and other damage to the reamer 
teeth. One cardinal principle in using a reamer is never to rotate it in the 
reverse direction. Reamers should always be rotated in the forwar 
cutting direction, at all times, regardless of whether they are entering or 
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NORMAL SECTION THROUGH 
CHISEL EDGE OF DRILL 


Fig 4-13. Photomicrograph through the axis of а drilled hole normal to the drill chisel 
‘edge showing the complex cutting and extruding action by which the metal in this 
Tegion is removed 


leaving the hole. Failure to do this will rapidly damage the margin and 
destroy the accuracy of the reamer. Reaming is a fast, efficient, and easily 
applied method of finishing holes. 

There are two basic types of reamers: machine reamers and hand 
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Fig. 4-14. Section of hole with drill removed to show separate chip formed by the lip 
‘and the chisel edge, 
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Conroe of the Metal Cutting Tod Inatitute 
Fig 4-15. Reamer nomenclature. 


reamers. Machine reamers may have a straight, or a taper, shank. They 
are used primarily in power-driven machine tools. Machine reamers have 
а chamfer ground on the ends of the lands. The chamfer angle is usually 
45°, although other chamfer angles are sometimes used. The lands have а 
margin adjacent to the cutting edge, which is unrelieved. Relief is ground 
оп the back of the chamfer, thereby making it into a sharp cutting edge. 
The chamfer edges do the cutting and remove the excess metal from the 
Боје. The forces on the workpiece resulting from the cutting action of the 
reamer will cause the work to spring slightly away from the reamer, in 
the region of the chamfer edge. After the chamfer edge has passed a given 
portion of the hole, the work material will spring back and bear against 
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the margin of the lands of the reamer. The margin, being unrelieved, is 
а poor cutting edge. Primarily, it burnishes the sides of the hole to pro- 
duce a good surface finish. It may also serape a very small amount of 
metal out of the hole, thereby removing small irregularities. The margin 
also performs another important function in supporting and steadying 
the reamer as it passes through the hole. Sometimes, the margin is ground 
with a slight taper toward the chamfer edge. The length of this taper is 
from 34 to 3g inch and the angle, with respect to the axis of the reamer, 
is from 1° to 5°. This is sometimes called а lead. Actually, its function is 
to increase the burnishing action of the lands, thereby improving the 
surface finish of the hole. 

Hand reamers are designed to be turned manually in reaming a hole. 
‘They are ground with a starting taper on the lands which is relieved to 
form a sharp cutting edge. (See Fig. 4-15.) A bevel edge is also ground 
оп the end, however most of the cutting is done by the starting taper. 
Hand reamers are designed to remove less metal from a hole than ma- 
chine reamers will, The margin of the hand reamer also burnishes the 
hole in the same manner as does the margin on the machine reamer. 

‘The speed and feed through the hole of а hand reamer are controlled 
entirely by the workman. On machine reamers, the speed and feed are 
controlled by the machine setting. As а general rule, the cutting speed 
for reaming should be about one-half to two-thirds of the speed used 
for drilling the same material. Excessive cutting speeds will cause the 
reamer to chatter; consequently, the cutting speed must be kept low 
enough to prevent the occurrence of chatter. The feed for machine ream- 
ing is usually 0015 to 0040 inch per flute per revolution, Thus, the feed 
rate of a six-fluted reamer that is cutting at 100 rpm, using 004 inch per 
tooth feed, would be 6 X 004, or 024 inch per revolution. Expressed in 
different terms, the feed rate would be 100 x 1024, or 24 inches рег min- 
ute. When the feed used is too low the work may be glazed, the cutting 
edge will wear excessively, and, occasionally, chatter will occur. An ex- 
cessively fast feed rate will reduce the accuracy of the hole and lower 
the quality of the surface finish 

It is very difficult to generalize on the amount of stock that should 
be removed by reaming as this is dependent upon the nature of the work 
material, the design of the reamer, the feed used, the finish required, and 
the depth of the hole. As a starting point for machine reaming, allow 
(008 to.012 inch on a М -inch hole, 012 to .016 inch on a 32-inch hole, and 
.025 to .035 inch on holes up to 1%4-inches in diameter. For hand ream- 
ing, the stock allowance is much smaller. The allowance ranges from 
001 to .010 inch. 

‘Two other types of reamers that are sometimes used are rose reamers 
and taper reamers, Rose reamers are used in a machine, They are similar 
to machine reamers in construction; however, they are designed to re- 
move much more metal from а hole. They do not ream a hole as accu- 
rately or with as good a surface finish as do the standard machine 
Teamers. Taper reamers are used to produce taper holes. Larger size 
reamers are often made as shell reamers. The shank, or arbor, of the 
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shell reamer is separate from the body of the reamer. The advantage of 
this design is that reamers of different size can be held on the same 
arbor and when a body is worn out the arbor does not require replace- 
ment, 


Counterbores, Countersinks, and Spotfacers 

Counterbores, countersinks, and spotfacers are frequently used in 
drill-press work in order to modify an existing hole. The counterbore, A, in 
Fig. 4-16, is used to enlarge the end of a hole by cutting a cylindrical 
surface that is eoncentrie with the original hole. The concentricity is ob- 
tained by the pilot located on the end of the counterbore and which acts 
to guide the tool as it penetrates into the work. A countersink, В, in Fig 
4-16, is used to make a cone-shaped enlargement in the end of the hole. 
А spotfacing tool is shown at C. The purpose of the spotfacing operation 


A 
Fig. 4-16. A. Counterboring а hole. В. Countersinking а hole. C. Spot-facing a hole, 


is to cut a smooth, flat surface which is perpendicular to the axis of the 
hole. Usually, this surface serves as a seat for the head of а cap screw 
or bolt; or as a seat for a nut. 


Taps 

‘The basie nomenclature of a tap is shown in Fig. 4-17. A tap is used 
to produce internal threads. It has thread-shaped teeth which cut a 
thread of similar form when it is screwed into a drilled hole. The first 
step in tapping an internal thread is to drill a hole with a tap drill. This 
is an ordinary drill that is appropriately sized so that it will leave just. 
the right amount of metal in the hole for the tap to remove and finish 
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Fig 4-17. Basic nomenclature of a tap. 


the thread forms to required size. The tap is then screwed into the work- 
piece by hand, with the aid of a tap wrench, or by power, as applied by 
ıa machine tool such as a lathe or a drilling machine. The feed of the tap 
must always be equal to the lead of the thread being cut. The lead of a 
thread is the distance that it advances in one revolution. A tap will gen- 
erally feed itself, once it has started, as it will tend to follow that portion 
of the thread that already has been cut in starting. 

The size of the tap drill to be used to tap the hole is dependent upon 
the diameter of the thread, the size of the thread tooth (or pitch of the 
thread), the material of which the thread is made, the length of engage- 
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ment of the thread, and the available standard drill sizes. For ordinary 
manufacturing, the internal thread in a tapped hole need not be more than 
75 or 80 per cent of the theoretical, standard thread depth. For some classes 
of work, not more than 50 per cent of the thread depth is required. The 
diameter of the tap drill should not be smaller than is necessary to give 
the required strength of thread, as every decrease in the diameter of the 
tap drill inereases the power required for tapping, and, incidentally, the 
percentage of broken taps. Recommended tap drill sizes and hole sizes 
for tapping Unified Serew Threads can be found im various standard 
machine shop handbooks such as Machinery’s Handbook. 

Theoretical tap drill sizes for inch and metric threads ean be calcu- 
lated by the following formulas, in which the "Percent Full Thread” is 
expressed as а decimal; e.g, 759 is written 75 in the formula, The drill 
size nearest to the ealeulated hole size is used. 


For American Unified Thread Form: 


4 jor dia, 108258 percent full thread |, 
Hote site=Basie major йа umher f threadi perich (e 
For American National Thread form: 


12990xpercentfollthread (4.2) 


Но size = Basie major dia. 
Hole ies Basle инн Number of threads ner inch 


For ISO Metrie Threads (all dimensions in millimeters): 


Hole size=Basie major dia — (1.082535 piteh x percent full thread) 
(4-3) 


Example 4-1: 

Find the tap drill diameter for a 14-13 Unified thread and for an 
M12-1.75 thread. The M12-1.75 thread designation means that it is 
metric (М), it has a diameter equal to 12 mm, and the pitch of the 
thread is 1.75 пиш. In each ease the tapped hole is to have a 60 percent 
full thread. 

For the 14-13 Unified thread: 


Hole size=.500- 


For the M12-1.75 metrie thread: 


Hole size=12— (1.08253 1.75.60) 


‘The nearest drill sizes arc 29/64 in. and 11.0 nun, respectively 

Hand taps have a cylindrical shank and a driving square on the end 
to which a tap wrench can be attached. These taps аге used for most. 
machine tapping applications, as well as for hand tapping. They ean be 
obtained as ground taps, which are finished by precision grinding, or as 
eut taps, which are finished by a cutting operation. 
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Hand taps are classified into the following types: taper, plug, and 
bottoming. Each type is distinguished by the amount of chamfer on the 
end. The angle formed between the chamfer (sec Fig. 4-17) and the axis 
of the tap is called the chamfer angle. It determines the number of 
threads having their height redueed on the end of the tap. The chamfered 
threads are relieve behind the face and do all of the cutting to form 
the thread on the part. The number of flutes and the length of the 
chamfer determine the chip load, or the amount of material removed by 
слей tooth, 

Taper taps have a chamfer of 445° whieh reduces the height of ap- 
proximately 8 to 10 threads. Plug taps have а chamfer angle of 1014° 
with 3 to 5 threads reduced in height. Bottoming taps have a chamfer 
rangle of 25° to 29°, which reduces approximately 134 threads. The most 
useful tap for general tapping applications is the plug tap. Plug taps ean 
фе used to tap through holes and abo blind holes where a limited num- 
ber of inperfeet teeth are allowed. Bottoming taps are used to finish the 
hottom of blind holes where only а few imperfect teeth are permitted, 
Taper taps are used. prima tapping thin workpieces, for 
tapping through holes in som ul for tapping the 
Tanger thread sizes andl thre where the ehip thickness per tooth 
mut be kept low, When а particularly hari, tough material is encoun- 
tered, it ix sometimes helpful to use a taper and а plug tap alternately. 
‘The taper tap starts easily but may stick after ре 
then removed and a plug tap is inserted to relieve the long cut made by 
the taper tap. For some very dificult jobs, a series of succeedingly larger 
taps are used fo tap the hole, sueh taps b specially for each job. 
On the large majority of jobs, however, the plug tap ean be used alone 

‘On a limites] number of softer, ductile materials, threaded holes ean be 
produced оп à machine with a forming tap. This is usually associated 
with high volume production operations. Forming taps have no flutes of 
the conventional type. Instead of being round, the body of the tap is 
radially relieved to form а lobed construction, the number of lobes de- 
pending on the tap diameter. The nose end of the tap is tapered to allow 
it to enter the hole. Forming taps produec threads by plastie flow of the 
metal near the hole walls instead of by cutting. А chip is not formed. 
The еен form produecd is not perfect, but usually there i no reduc- 
tion in the strength of the thread. 

А cutting fluid should always be used with all materials when tapping 
except on cast iron and plastics. When hand tapping a hole, the tap. 
should be advanced approximately one turn and then rotated in the re- 
verse direetion until the chip is broken. By repeating this sequence until 
the hole is tapped, a smooth thread will be produced with minimum effort. 
Machine-driven taps are generally serewed into the hole while rotating 
їп the forward direetion and are reversed to remove the tap when the job 
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is finished. On very difficult jobs the tap is sometimes reversed when cut- 
ting into the hole in a manner similar to hand tapping. 


Spade Drills 

Spade drills, Fig. 4-18, are frequently used to drill large diameter holes. 
They are made in sizes ranging from one to five inches. A spade drill 
consists of a holder made from heat-treated steel and a high-speed steel, 
ог cemented-carbide, tipped blade. The blade is seated in а slot in the 
end of the holder which is clamped together by a screw to secure the 
blade in place. Each holder can hold a range of different blade sizes. The 
shank of the holder may be straight or have a standard Morse taper. 
Some spade drill holders have coolant holes drilled lengthwise which sup- 
ply a stream of coolant close to the cutting edges. Notehes or chip break- 
ers are ground on the cutting edges to reduce the width of the chip. These 
notches are unevenly spaced so that they do not occur at the same radial 
distances on the two cutting edges, Instead of a single chip, the notehes 
cause several smaller chips to form on each cutting edge that are easier 
to break. A chip curling groove (chip curler) is ground on the face of cach 
cutting edge which tends to curl and break the chips for easy disposal. 

Several different types of blades arc shown in Fig. 4-18 to show the 
versatility of this method of drilling. Besides drilling holes through solid 
metal, stepped holes can be drilled, and both counterboring and spot- 


CM 


COUATERBONWO CORE ORLUNS STANDARD ORLL SPECIAL BLADE 
раме SLANE TANA BLADE WI 
prr ‘CHAMFERED CORNERS 


Fig. 4-18 Spade drill, including examples of standard and special blades 
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facing can be done with spade drills. An important application of these 
drills is core drilling; e, enlarging an existing hole which may be a 
rough cored hole of a casting. The core drilling blade used for this 
operation has spurs ground on the end which bite into the metal and 
guide the drill, thereby drilling а hole that closely follows the path along 
which the drill is fed. Without the spurs, a core drill will be influenced by 
апу eccentricity of the existing hole and may not drill a true hole. Core 
drilling operations may be performed on drilling machines having a 
power feed, on turret lathes, vertical turret lathes, on both horizontal 
and vertical boring mills, and on numerically controlled machines. 

‘A power feed should be used when drilling with a spade drill, Only by 
applying extreme eare and skill ean spade drilling be accomplished with 
manual feed. The feed rate is а most important factor in successfully 
applying a spade drill and the constant feed rate supplied by a power 
feeding mechanism should be used whenever possible; for deep holes it. 
should always be used. The feed rate should be adjusted so that the chips 
break into forms resembling а small "e" or number “9.” 

Spade drills are self starting if they are held in short stubby spade 
drill holders. Longer spade drills are started by first drilling a start hole 
or "cone" with a spade drill held in a stub holder. If the start drill is the 
same diameter as the second spade drill, the start drill should drill a hole 
that is to the full diameter of the spade drill. Tf the start drill is smaller 
than the second drill it should not drill to its full diameter, but should 
leave only a conical surface against which the second drill can start, 
Never use a center drill or drill a pilot hole with a twist drill to start a 
spade drill. When the spade drill contacts the sharp edge of the hole 
formed by these drills, it will tend to “hop around" which can cause the 
cutting edges of the spade drill to chip. 

The size of the hole that can be drilled with a spade drill is limited 
only by the power and rigidity of the machine. When insufficient power 
is available to drill a large hole, the hole may be drilled in two passes 
using a smaller spade drill to drill the first hole. The power, torque, and 
thrust force required to feed the spade drill may be estimated by the 
procedures provided further on in this chapter. 


Gun Drills 

Gun drills are customarily used to drill deep holes where the length of 
the hole is five or six times its diameter. These are special drills and are 
usually used on special deep-hole drilling machines. They have a single 
flute and a single cutting edge which may be high-speed steel or a 
brazed-on cemented carbide tip. The cutting edge may be designed to cut 
to the center of the drill. Some gun drills have a cutting edge that does 
not cut to the center of the drill, thereby leaving a core of metal which 
сап be easily removed if the hole is а through hole. This method of pro- 
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ducing, where metal is left in the center, is called trepanning. In either 
case the angles on the cutting edge are designed to make the drill produce 
a straight hole. The body of the gun drill is made from crimped tubing 
which allows a cutting fluid to be fed through the drill to an oil hole near 
the cutting edge. Gun drills must be started with the aid of a bushing. 
Once they are well started, however, they are self-supporting and will 
drill a straight hole, When using a gun drill in a lathe the need to use а 
Buide bushing to start the drill, ean be eliminated by first drilling and 
reaming a hole about one diameter deep in order to start the gun drill 

When a deep hole is required and a gun drill is not available, the hole 
сап be drilled by brazing an extension onto the shank of a standard twist. 
drill. The hole is first drilled about one diameter deep with a standard- 
length twist drill, and the remainder of the hole is drilled with the drill 
having the extended shank. This is a slow process because the drill must. 
be backed out of the hole frequently, in order to remove the chips. 


Estimating Drilling Thrust, Torque, and Power * 

The thrust, torque, and power required to drill a hole depend on the 
following factors: 1. the work material, its microstructure and hardness; 
2 the size of the drill; 3 the feed rate used when drilling; and, 4. the ratio 
expressed by the length of the chisel edge divided by the drill diameter, 
оге. In aulition to these factors the power require to drill a hole is also 
dependent on the rotational speed (rpm) of the drill or work, whichever 
is rotating 

In the customary inch system of units the measure of power is the 
horsepower. Horsepower is not used in the ST metric system of units. In 
its place the kilowatt is used for both mechanical aud electrical power. 
For all machining operations, including drilling, it is often desirable to 
have knowledge of the power used directly hy the cutting too! in producing 
the chip, as well as of the power required hy the driving motor to drive 
the machine tool. The machine tool driving motor must supply the power 
to drive the machine in addition to the power required by the cutting tool 
to cut the material. How efficiently the machine tool transmits the power 
from the driving motor to the cutting tool is measured by the machine tool 
ficiency factor, E. Typical values of this factor are provided in Table 
4-8. Although the feeding force, called the thrust force in drilling, may be 
quite large, the power required to feed is usually very low because the 
feed velocity is usually very low; therefore, the power required for feeding 
can be disregariled. 

The values in Table 4-3 through 4-6 are for sharp drills, All metal 
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Table 4-3. Work Material Factor, Ka. for Drilling with a Sharp Drill 


Work eral 
Work Material ‘Comsat Ke 

AISI r117 (Resalfuriaed free machining mild rice) p 

Sich зоо ИВ 

Ste ую НВ 

p 

Cast Iron. jo НВ 

Mont Aluminum Alloys 

Most Magnesium Alloys 

Most Brass 

Leaded Brass 

Austenitic Stainless Steel (Type 516) neku 
‘oot tor Torque 


‘Titanium Alloy ТА aV өй, 
Rewa ө 
[E 


mos for Thrust 


*Valucs based upon a limited number of tests TWIN increase with rapid wear. 


Table 4-4. Feed Factors, Py, for Drilling 
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cutting tools wear as they are used and are expected to cut while having a 
certain amount of wear at the cutting edge. As the cutting edge becomes 
worn, more power is required to cut the material, the power required 
increasing with increased tool wear. A tool wear factor, provided in Table 
4-7, is used in order to compensate for the wear on the cutting edge. 
Compensation factors for the chisel edge ratio, e/d, arc given in Table 
4-6. Since it is usually more convenient to accurately measure the web 
thickness at the drill point than to measure the length of the chisel edge, 
the approximate ratio of the web thickness at the drill point to the drill 
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Table 4-5. Drill Diameter Factors: F, for Thrust: F for Torque 


Tech Ui 


‘Delt 
Fe pan | 


E 


Tow 
er 
Й 


Tass 
rae 


diameter, or w/d, is given for cach c/d ratio in Table 4-6. The c/d ratio 
for all standard twist drills is 18, unless the drill has been ground so that 
the length is short or the web has been thinned; the ¢/d ratio for a split 
point drill is 03. Cutting fluids may reduce the thrust, torque, and power 
required to drill, however, no specifie recommendation ean be given since 
cach eutting fluid has its own characteristics. 

The formulas below are used to calculate the thrust, torque, and power 
for drilling. Since conditions may vary in different shops and machine 
tools are not all designed alike, the ealeulated results may not correspond 
precisely with the results obtained on the job; however, they do provide a 
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reasonable estimate which will be close enough in most practical situn- 


tions. 
For inch units only: 


For SI metric units only: 


РР AW 
30,00 
MN 

9550 

For either inch or metric units: 


Р, 


where 


P, Power at the cutter; bp, or kW 

Power at the motor; hp, or kW 
M= Torque; in. Ib, or Nom 
T= Thrust; Ib, or N 

Work material factor 
Feed factor 
Fyz Thrust factor for drill diameter 
Fy Torque factor for drill diameter 

Chisel edge factor for torque 

Chisel edge factor for thrust 
Chisel edge factor for thrust 
Tool wear factor 
N= Spindle speed; rpm 
E= Machine tool efficiency factor 
d= Drill diameter; in, or mm 
c= Chisel edge length; in. or mm 


w= Web thickness at drill point; in, or mm 


Example 4-1 


05 K, F, Fr B +0007 Ky? J W 


(4-1) 
(4-2) 


(4-3) 


(4-4) 


000025 K Fy Fy A W (4-5) 


(4-0) 


an 


(See Table 4-3) 
(See Table 4-4) 
(See Table 4-5) 
(Sce Table 4-5) 
(See Table 4-6) 
(See Table 4-6) 
(See Table 4-6) 
(See Table 4-7) 


(See Table 4-8) 


(See Table 4-6) 
(Зее Table 4-6) 


А standard 1 inch diameter twist drill operating at 150 rpm and with a 
feed rate of 008 in./rev is used to drill 200 HB steel on a drill press 
having an efficiency of .80. Estimate the thrust, torque, power at the motor, 
and the power required to feed the drill through the work, Ру. 
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Table 4-7. Tool Wear Factors, W 


Type of Drilling Operation w 
Drilling with a sharp drill 10 
Normal drilling 130 
Drilling hard-to-machine materials and drilling with a very dull drill | 130 


Table 4-8. Machine Tool Efficiency Factor, E 


Туре of Drive Е Type ol Drive Е 
Direct Belt Drive 90 Geared Head Drive 70-30 
Back Gar Dive 5 | 


(From Table 4-3) 
(From Table 4-4) 
(From Table 4-5) 
(From Table 4-5) 
ТЕ? Ко РР BW +Kadt JW 
2 x 24,000 x 021 x 1.000 x 1.355 x 1.30-+24,000 x 1.000" x 030х130 
=27101bs (rounded) 
M=Ky FP) Fy AW 

= 24,000 x 021 x 1.000 x 1.085 x 1.30 

=7101bin. ^ (rounded) 


710х150 
03 63,025 
hp ^ (rounded) 


17 


(From Table 4-6) 
(From Table 4-6) 
(From Table 4-6) 
(From Table 4-7) 


=21hp (rounded) 
Let f equal the feed rate and P, equal the power required to feed the drill, 
f= 008 x 150712 in./min. 


12 
fu 
J= ft/min 
pTi _ 2710x 1 
^ 33000 33000 


=.008 hp 
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Example 4-2: 


А 50 mm diameter spade drill which is В mm thek is to drill 150 HB 
gray east iron using a feed rate of 20 mm/rev and a spindle speed of 200 
Thm on a lathe having а machine tool effieiency factor of .80. The thi 
ness of the spade drill at the point is 5.50 mm. Estimate the thrust and. 
the power required to perform this operation. 


(From Table 4-3) A=1.040 (From Table 4-6) 
(From Table 4-4) 270 (From Table 4-6) 
(From Table 4-5) 017 (From Table 4-6) 
(From Table 4-5) Wz130 — (From Table 4-7) 
no 

05 Ky By Fr B W +0007 Kd JW 

105 x 14,000 x 270 x 22.86 x 1270 x 1.30+0.007 x 14,000 x 50* x 017 


=12,706.N (12,706 x 2248=2856 Ih) 


БР, AW _ 14,000 % 278 x 1143 x 1.040 x 1.30 
36000 10,00 
50 Nem (rounded) 


150 


MkW 

P, 
P= = ж 
MkW (392x131 


200 


3.14 x 1241 =4 2p) 


26 hp) 


СНАРТЕВ 5 


Drilling Machine Operation 


Work on machine tool 


is accomplished in the following sequence: 


1. Plan how to do the job. 

2. Obtain all the tools and materials required to do the job. 

3. Prepare the workpiece and the machine for the machining opera- 
tion. 

4. Start the job, proceed with thought and саге, and get the job done. 


Although the basie principles of machine tool operation are unvarying, 
the manner in whieh they are applied ean vary from shop to shop. The 
reason for this is that the resources (men, tools, machine tools, and ex- 
perience) of each individual shop are different. The skilled craftsman 
adapts his knowledge and skills to the resources that are available in the 
shop where he is employed. It is, therefore, not unusual for the same job 
to be done differently in various shops; however, regardless of the method 
used, the basie principles must be applied to each method. In this book 
the basic principles are emphasized. The student must, however, be pre- 
pared to adapt them to the circumstances with which he is confronted. 

‘The object of all drilling machine work is to machine holes to a given 
size having an acceptable surface finish and located exactly where re- 
quired on the workpiece. Drilling machines, or drill presses as they are 
also called, are primarily hole-producing machines unlike lathes or mill- 
ing machines which machine a variety of shapes including holes 

A great many drilling jobs arc preceded by a layout operation on the 
workpiece. Layout work was covered in Chapter 3 and will not be dis 
cussed in this chapter. Where a layout is required, it is assumed that this 
work has been done prior to the discussion in this chapter. 


Drilling Speeds 

For any machining operation, including drilling, the cutting speed is 
generally given in terms of feet per minute, which is abbreviated: fpm. 
Tt describes the rate of movement of a cutting tool relative to the work- 
piece. For example, a cutting speed of 100 fpm would describe a cutting 
tool traveling in a straight line at a uniform rate of motion, or speed, 
such that the tool would travel a distance of 100 feet in one minute. The 
effect would be the same if the tool was stationary and the workpiece 
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moved past the tool at this speed. In drilling, the tool moves, but it ro- 
tates instead of moving in a straight line. The surface on the lips adjacent. 
to the margin is the part of the drill traveling at the highest speed when 
the drill is rotating. This surface travels a distance equal to the cireum- 
ference of the drill, or w x drill diameter, every time that it makes one 
complete turn. Assume for а moment that the drill diameter is % inch, 
its circumference would be 44 x 3.1416 = 1.57 inches. Now, if this drill 


сап cut at a cutting speed of 100 fpm, or 12 x 100 = 1200 inches per min- 
1200 


ute, the number of circumferences that will fit into this length is 


or 764 circumferences per minute. Since every circumference also repre- 
sents one complete revolution of the drill, the 34-inch drill must turn 
764 revolutions per minute if the outer edge of the lip is to move a distance 
of 1,200 inches per minute, or 100 feet per minute. To summarize this as 
а formula: 


(541) 


where: N — Spindle speed of the drill press, rpm. 

(This is the speed at which the twist drill will operate.) 

У = Cutting speed in feet per minute (крт), at which the 
drill can cut the work material, 

= pi = 3.1416. The mathematical symbol for this 
number which is a constant for calculating the 
circumference of a circle. 

D = Diameter of the drill in inches. 


Some drilling machines have infinitely variable speeds within a range 
оГ speeds while others have discrete speeds which are in steps, such as 
are available in a geared head or on a step cone pulley. When a machine 
is equipped with a stepped range of speeds, it should be set at the speed 
that is the nearest to that calculated in Formula 5-1. 


Brample 5-1 


‘Two holes are to be drilled in а part made from AIST 4140 steel that 
has been quenched and tempered to have a hardness of 270 HB (Brinell 
hardness number). The diameter of one hole is % inch and the diameter. 
of the second hole is 1 inch. In Table 5-1 the cutting speed for this material 
is shown to be 60 fpm when the drill is made from high-speed steel. 

А. Calculate the cutting speed for both drills. 


1. For the 56 inch drill: 


2x60 
TxUS 
2. Forthe 1 inch drill: 


N 


1833rpm 
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12x60 


В. The drill press has the following speeds (rpm): 1500, 800, 500, 400, 
250, and 150, What speeds should be seleeted to drill the holes? 
1. For the № inch drill- 1500 rpm 
2. Forthe inch drill250 rpm 


The cutting speed in the metric system is given in terms of meters per 
minute (m/min) and the drill diameter is in millimeters (mm). Since the 
units are different, the cutting speed formula using SI units is different 
from the formula (5-1) in which customary inch units are used. 


(5-2) 


‘evolutions per minute (rpm) at whieh the drill must operate. 
'utting speed, m/min 

1416 
D= Drill diameter, mm 


Example 6-2: 
An annealed die made from 01 oil hardening steel must be drilled with 
а 1905 mm twist drill. Calculate the spindle speed of the drill press. 
The cutting speed for 01 annealed oil hardening steel is 45 {pm (sce 
Table 5-2), or 45x 3045214 m/min. 
10000 _ 1000x14 
-aD -ox1905 
= 234 rpm 


‘The recommended cutting speeds for drilling and reaming different 
materials with high-speed steel drills are given in Tables 5-1 through 5-5. 
"The cutting speed is dependent on the material from which the drill or 
reamer is made, the material from which the workpiece is made, the 
hardness of the work material and its heat treatment. Another factor 
affecting the cutting speed is the length of time desired during which the 
tool will perform satisfactorily, called "tool life.” Generally, a cutting tool 
operating at a lower cutting speed will last longer than when operating 
at a higher cutting speed. Twist drills are made from several types of high- 
speed steel; and less expensive drills, usually intended for home workshop 
use, are made from earbon tool steel. Carbon tool steel drills ean only be 
operated at one-half of the cutting speeds listed in these tables. 

Except when using high production and numerically controlled ma- 
chines, drills less than approximately 34 inch, or 6.4 mm, are usually fed 
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Table 5-1. Recommended Cutting Speeds in Feet per Minute for Drilling and 
Reaming Plain Carbon and Alloy Steels 
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Table 5-1 (cont). Recommended Cutting Speeds in Feet per Minute for 
Drilling and Reaming Plain Carbon and Alloy Steels 
ETE 
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through the workpicee using the manual controls on the drilling machine, 
because the operator ean quickly develop a sense of feel and sight that 
will provide the correct feed rate and prevent drill breakage. Even drills 
up to one-half inch, or 13 mm, are often preferably fed "by band." When 
a power feed is available on the machine, larger drills should be fed using 
the power feed, although on some occasions smaller drills are also fed by 
power, as mentioned before. The fced rate that should be used is dependent. 
on the workpiece material (type, hardness, and heat treatment), the size 
of the drill, and the rigidity of the machine, the workpicee, and the setup. 
АШ of these factors must be considered in selecting the feed rate. As a 
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guide, Table 5-6 is given, which provides a range of feed rates recom- 
mended for different size twist drill 

The conditions infueneing the cutting speed and feed may vary in 
different shops. Moreover, all of the factors may not be known; e.g, the 
hardness and heat treatment of the work material may not be known 
exactly. In such cases judgment should be used in applying the values 
given in the tables. These values do, however, provide a good starting 
point from which changes ean be made as experience is gained 


Table 5:2. Recommended Cutting Speeds in Feet per Minute for Drilling 
and Reaming Tool Steels 
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Materia Hardee} мыны роды] Reaming 
Toot Si Condi 
د‎ =“ | uss [uss[ carbide 
Water Hardening 
We was тюзю ^ n |s| w 
Shock кари 
CODEN ens ^ s |s| is 
ERI а [а [м « 
Cold Wek High Ca High 
Chromium. Di Ds De BLD) | моно ^ » [5] ы 
Cold Werk, Air Hardening 
ANIME NAT E ^ 
T" pne ^ 
^ 
* 
B 
and 
Hor Work Tynan Ty А 
Ws Haa. Hiss, не â 
Hot Work Molybdenum Type п 
[INEO А 
Special Purne. Cow Alloy 
[p ^ „||. 
маа 
Pa. Ph Pa Ps. PE кеңе ^ EE 
Po Pat pex ^ PES 
igh Sed Steel 
Ms Ms Me Mies Ti Ta. T6 | sese ^ as [юр че 
enn ^ ГЕЧЕ 
asas ^ as [s foe 


——— 


114 DRILLING MACHINE OPERATION Ch. 5 


Table 5-3. Recommended Cutting Speeds in Feet per Minute for Drilling. 
‘and Reaming Stainless Steels 
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Setting Up for Drilling 


Before any metal cutting сап be done on any type of machine tool, 
including drilling machines, the workpicee must be set up on the ma- 
chine. The setup and the cutting operation must both be accurate to 
produce an accurate part. Setting up means aligning the part on the 
machine and then clamping it in place or holding it securely by other 
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Table 5-4. Recommended Cutting Speeds in Feet per Minute for Drilling 
and Reaming Ferrous Cast Metals 
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Table 5-5. Recommended Cutting Speeds in Feet per Minute for Drilling and 
Reaming Light Metals and Copper Alloys 
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Table 5-6. Recommended Feeds in Inches per Revolution for 
High-Speed Steel Twist Drills 


means. In the case of drilling, the workpiece may or may not be 
clamped to the drill press table, depending on the size and shape of the 
workpiece and the size of the largest drill to be used. If the workpiece is 
massive it may simply be placed on the drill press table or base plate, as 
shown in Fig. 4-4. In such cases, the frietion resulting from the mass is 
sufficient to resist any movement of the workpiece caused by the drill 
torque. Small and medium size workpieces may be held against the table 
by hand—but not in the hand—or they may be elamped to the table. The 
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decision on whether to hold the workpiece against the table by hand or 
whether to clamp it is dependent on the ability to safely resist the torque 
of the largest drill to be used. When making this decision, it is always 
best to err in the direction of safety; ie., when in doubt, clamp the 
workpiece. 

Large size drills (approximately % in. or 15 mm and larger) exert a 
very high torque which can only be resisted safely by clamping the work- 
piece to the table, unless the mass of the workpicce is large enough to 
withstand the torque without movement. The most common method of 
clamping is with U-shaped strap clamps, such as shown in Fig. 5-3 
The principles of applying strap clamps will now be explained. These 
principles apply not only to the application of strap clamps on drilling 
machines, but also on other machine tools such as shapers, planers, mill- 
ing machines, horizontal and vertical boring machines, and on lathe 
faceplates. 

When clamping a workpiece, the first step is to determine where the 
strap clamps should be placed. They must always be positioned so that. 
the surface or surfaces to be machined сап be reached by the cutting 
tools without interference from the clamps. Suitable surfaces on the 
workpiece are then selected on the basis of the ability to hold the part 


т-зот войт. 


HEEL BLOCKS. 


Fig. 5-1 Typical drilling machine setup using strap clamps and Т- bolts. 


118 DRILLING MACHINE OPERATION Ch 5 


gn RIO 
CORRECT А INCORRECT 
CORRECT B INCORRECT 
connect СО CORRECT 
[сш т. D 
CORRECT incorrect 
EF =>. 
CORRECT соянест 


Fig. 5-2. Correct and incorrect зн of strap clamps. 


securely and the aceessibility of T-slots or other openings in the table 
in which the clamping bolts—called T-slot bolts—can be anchored. This 
may also determine where on the machine tool table the workpicce is 
to be positioned 

А typical setup for drilling is shown in Fig. 5-1. In this setup the work- 
piece is placed on parallels to provide clearance for the drill when it has 
passed through the hole. The drill press table must always be protected 
from damage by the drill. If the holes to be drilled are blind holes which 
do not pass through the workpiece, it would be better to clamp it directly 
to the table. The T-slot bolt is placed in а T-slot or other suitable open- 
ing in the drill press table and the strap clamp is placed over the bolt. 
The open end of the strap clamp is placed on the workpiece and the other 
end on heel blocks of suitable height so that the clamp is parallel to the 
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table, A washer and a nut are then placed on the bolt and tightened, In 
some instances, the T-slot bolt may be placed through an opening in the 
workpiece, as shown by the right-hand clamping arrangement in Fig. 5-1 
In this ease heel blocks may not be required. Finish machined surfaces 
оп the workpiece must be protected from damage by placing soft metal 
shims between the strap elamp and the workpicee. 


Courtesy ofthe Causing Dis of the At Pre Co 


Fig. 5-3. A. Workpiece clamped to table with а C-clamp. B. Workpiece clamped with 

a universal adjustable type clamp. С. Drilling hole at an angle by tilting drill press 

table; workpiece clamped with strap clamps D. Angle plate provides clamping or 
locating surface perpendicular to table 
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Several correct and incorrect applications of strap clamps are illus- 
trated in Fig. 5-2. As shown in view A, the T-slot bolt should be placed 
аз close to the workpiece as posible. Tt should always be placed closer 
to the workpiece than to the heel blocks to assure that the greater pro- 
portion of the clamping force applied by the bolt and nut is applied to 
the workpicee and not to the heel block. Also shown in this view is the 
principle that the T-slot bolt should not be longer than necessary. As 
already mentioned and shown in view B, the height of the hecl blocks 
should be such that the strap elamps are parallel with the machine tool 
table. Parallels, when used, should be placed directly below the strap 
clamps, as shown in view C, to prevent the elamping force from causing. 
the workpiece to bend or spring out of shape. Otherwise, when the elamp- 
ing force is released, the workpiece will spring back to its original shape 
causing the surfaces that were machined while the part was clamped to 
be inaccurate. Any overhang of the workpiece below a clamp must be 
supported for this reason. When the opening of the overhang is large, a 
screw jack may be used as a support against springing the part, as shown 
in view D. When the opening is narrow, shims and wedges are used, as 
shown in view E. 

In most instances, when drilling with a medium size drill (approxi- 
mately % to 34 in. or 9.5 to 16 mm), the workpiece should also be 
clamped to the table, as shown by the examples in Fig, 5-3. An ordinary 
C-clamp may be used, as in view A. A unique type strap clamp is shown 
in view В. This clamp is called a universal adjustable clamp and it does 
not require heel blocks. Conventional strap clamps are used in view C. 
to hold the workpiece while drilling a hole at an angle by tilting the drill 
press table. The elamp at the left is a pin-type strap elamp; it has a pin 
at one end that is used to clamp inside a hole. Holes are sometimes drilled 
in a workpiece just for this purpose. The other clamp is an offset type 
which allows a shorter holt to be used. Angle plates (view D, Fig. 5-3) 
provide а surface perpendicular to the machine tool table against which it 
is often convenient to clamp the workpiece. In view D the long overhang 
of the workpiece is supported against the thrust of the drill by a serew 
jack. 

When the workpiece is long enough to provide suficient leverage against. 
the drill torque, medium size holes ean be drilled by holding the work- 
picce against the table by hand, as in Fig. 5-4. In this ease the drill torque 
should be resisted by a stop which is clamped to the table, as shown. 
‘There are advantages to not clamping the workpiece when drilling a hole, 
Tt is much faster and easier to locate the workpiece with respect to the 
drill when it is free to move about on the table. Then, when the drill is 
started, the workpiece will float and allow the drill to follow the center 
punch mark, thereby starting the hole in the desired location on the 
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workpiece. A technique that is sometimes used when the workpiece is 
clamped is to loosen the clamps slightly when starting the hole. Some 
clamping pressure should remain on the workpiece, which should be just 
free enough to allow the center punch mark to align the workpiece to the 
drill as it starts to drill the hole. Using a light manual or hand feed, the 
drill is allowed to drill to a depth of about one-half of the drill diameter. 
Then the drill is withdrawn and the work is clamped firmly to the table 
for drilling the remainder of the hole. 

When using small drills (approximately 950 in. or 8 mm and smaller), 
the workpiece does not usually nced to be clamped, although it may have 
to be held in a drill press vise to provide the leverage required to safely 
overcome the drill torque. As an example, in view A, Fig. 5-5, the work- 
piece is large enough to be held against the table by hand when drilling 
the small hole. In view B a smaller workpiece is clamped in a vise which 
provides the necessary leverage to resist the torque of the small drill 

Drill press vises are a necessary accessory in drilling. They arc used to 
hold workpieces when drilling large, medium, and small size holes. When 
drilling with large and medium size drills, the vise may be clamped to the 
table while holding the workpiece. A typical example is shown in Fig 
5-6A, where the vise is clamped to the table while a medium кізе hole is 


Fig. 5-4, Using a bolt clamped to the table to resist the drill torque while holding 
the workpiece against the table by hand. 
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Tig. 5-5, Drilling with a small drill. A. Workpiece lange enough to safely resist torque 
of smali drill while held by hand, B. Smaller workpiece clamped in vise to retint 
torque of small drill- 


drilled. This vise has stepped jaws which cnable the workpiece to be 
clamped above the seat of the vise to provide clearance for the drill as it 
passes through the hole; otherwise, it would be necessary to place the 
workpiece on parallels in the vise fo provide the necessary с 
shown in Fig. 5-6В, Some drill press vises have a V-groove machined on 
the solid jaw, which is used to locate and hold round workpieces, as 
shown in Fig. 5-7, A and B. 

Occasionally, ingenuity must be used to set up the workpiece for 
drilling. As an example, in Fig. 5-8 an ornamental iron part is held on a 
‘wood board to drill the hole. The wood “fixture” is rounded on the end 
to conform to the shape of the workpiece. 

‘The spindle of the radial drill press can be positioned in areas on the 
workpiece which are sometimes difficult, or impossible, to reach with an 
upright drill press. Such a setup is shown at A, Fig. 5-9, which illustrates 
the punch plate of a die block being drilled. In this setup the punch plate 
is placed on parallels that are positioned on the drill press table. The 
parallels will provide clearance for the drill when it penetrates the punch 
plate and prevent it from damaging the table top. It is not necessary 
to clamp the punch plate to the table as its weight is suficient to resist 
the drill torque and prevent it from moving as the hole is being drilled. 
Smaller workpieces, as in B, Fig. 5-9, must be clamped to the table to 
prevent their movement when the holes are drilled. The hole being drilled 
is not a through hole; thus, it is not necessary to use parallels as at A 
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Note the use of strap clamps in this setup. At A, Fig 5-10, a round bar 
of steel is bolted against а V-notch (not visible) machined into the side 
of the table. The V-notch aligns the bar in a vertical position for drilling 
holes in the end, as shown. The table of the radial drill press may be set 
at an angle to drill an angular hole, shown at В, Fig. 5-10. The part i 
clamped with “homemade” strap clamps which are thick steel straps 
through which а hole has been drilled 

А job that is frequently encountered is that of drilling a hole through, 
and perpendicular to, the axis of a cylindrical part, as shown in Fig 5-11 
The workpiece is first laid out as described in Chapter 3. (See E, Fig. 
3-4) The part is placed in a V-block, or, if it is a long part, in a matched 
pair of V-blocks. It is positioned so that the drill will not cut into the 
V-block. Some V-blocks have a hole through the center for drill clear- 
ance, When two V-blocks are used the drill ean be positioned between 
them (Fig. 5-12). The seribed layout line on the end face of the workpiece 
is aligned in a vertieal position-by the blade or the beam of à combination 
square (А and B, Fig 5-11). The work is then clamped into position 
as shown at C. The square is not used to align the drill with the work- 
piece. Very large cylindrical parts can sometimes be aligned in the man- 
ner shown at D. The blade of a combination set has a center head and a 
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Fig. 5-6. А. Drilling а medium-size hole with the workpiece clamped im vise and rest- 
ing on stepped jaws of vise which is clamped to table by patented "Rapid Lox” base 
B. Workpieec clamped in vise while resting on parallels. 
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Fig, 57. V-groove 
A "Workpiece he 


and holding round workpieces, 
axis B. Workpioce held for drilling 


square head fastened to it, as shown. The blade is positioned over the 
punch mark at the center of the hole. Sometimes, greater accuracy can 
be obtained by placing the blade opposite the layout line as shown at D. 
The workpiece is adjusted until the spirit level on the squat 

actly level. The part is then clamped into position. 


Drilling the Hole. 

The operation of drilling the hole can start when all of the preparations. 
have been completed; i.e., the work is set up, a sharp drill of the correct. 
size is held in the spindle of the machine, and the machine has been set 
up for the correct cutting speed and feed. The first step is to align the 
drill with respect to the center punch mark at the center of the hole to 
be drilled. The drill point is then fed into the workpiece until it has 
penetrated approximately two-thirds of the drills diameter. The drill 
is then backed away and the relation of the drilled spot to the scribed 
layout circle should be observed. At A, Fig. 5-13, the spot produced by the 
drill point is not concentric with the layout circle, indicating that if the 
hole were to continue to be drilled in this position it would not be in the 
desired location. To correct this situation, cut one or more shallow 
grooves on the heavy side, as shown at B, Fig. 5-13, with a gouge, or draw 
chisel (Fig. 5-14). The groove unbalanecs the cutting forces acting against 
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the lip of the drill causing it to shift in the direction of least resistance, 
which is toward the grooved side. The drill point is fed a little deeper 
into the work and the concentricity between the spot and the layout 
circle is again checked. If necessary, additional grooves are cut with a 
draw chisel. When the spot and the layout circle are concentric, as 
shown at C, Fig. 5-14, the hole can be drilled to the required depth. When 
the hole has been drilled, about one-half of each witness mark will re- 
main to show that the hole is drilled exactly where the layout has indi- 
cated that it be made, It should be mentioned that it is usually not neces- 
sary to cut grooves in every hole as described. Frequently, the initial 
check of concentricity between the spot and the layout circle will show 
that they are concentric and the hole can be drilled to depth without. 
additional positioning of the work. 

An alternate method of starting a drilled hole, preferred by some, is to 
center drill a hole first (вее Fig. 5-15). The center-drilled hole is then used 
аз а guide for starting the twist drill. The center drill is short, stiff, and 
will not bend. Furthermore, it has a relatively small chisel edge when 
compared to larger size drills, thereby enabling the center drill to pene- 


Fig. 58. Drilling an omamental iron part using a wood "fxture? which is clamped 
table 
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Fig. 5-9. Typical radial drilling machine setups. A. Weight of the die choc is auficient 
to resist dail torque. Work placed om parallele to protect table from drill. B. Work 
‘camped to table top when rot drilling а through hole. 
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trate the workpiece with greater ease. The coned surface formed by the 
center drill has an ineluded angle of 60° which is steeper than the included. 
angle of the drill point. Thus, the lips of the twist drill contact the work- 
piece first and the chisel edge does no work until the location of the hole 
is established. The point angle of the lips will cause the drill to follow the 
axis of the hole made by the center drill, and, since the chisel edge of the 
twist drill does not engage the work, the drill will penetrate into the work 
with ease. This method is especially recommended for starting holes on 
machines where the work is normally clamped to the table and where the 
spindle ean be aligned exactly to the desired location on the workpiece, 
When this method is used on an upright o sensitive drilling machine, the 
workpiece should not be clamped when starting the hole with the center 


p —B the Atlas Press Company 
Fig.5-11.(Upper left) Uang the blade of a combination square to align cylindrical 
part. (Upper right) Using the beam of а combination square to align a cylindrical 

(Lower left) Setup for clamping cylindrical part in V-blode (Lower right) 
a center head combined with a square head to align a large cylindrical part. 
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Fig. 5-12. Drilling hole perpendicular to axis of cylindrical part which is clamped in 
М pair ГУ Моск 


Ри. 5-13. Method of starting drill, concentrie with scribed circle 


drill. On radial drilling machines the arm and the spindle head should not 
be locked. Allowing the workpiece or spindle to “боа!” lets the center 
drill find and align itself with the center punch mark as it starts drilling 
into the workpicee. After the workpiece and the machine spindle аге 
aligned, and when the center hole has been drilled, the workpiece may be 
clamped, when necessary, to drill the hole to size. On radial drilling 
‘machines, the arm and the drill hea 
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On upright and sensitive drill presses, when the workpicce is too heavy 
to “float” on the table and align the center punch mark to the center drill 
this method is not accurate and the previous method is recommended 
since any misalignment in starting the drill ean be corrected with a draw 
chisel. In center drilling it is very difficult to correct any misalignment 
once the hole has been drilled. Another disadvantage is that it requires 
frequent tool changes. 

The average thrust force required to feed a large-size drill is very 
high. A large proportion of this thrust is caused by the action of the 
chisel edge. The thrust required ean be greatly reduced and the drill 
made to cut faster, by first using a smaller drill to make a “lead hole,” 
as shown in Fig. 5-16. 


Hole Location Transfer 


In machine repair and toolroom work the location of a hole must fre- 
quently be transferred from one part to another, There are three methods 
that ean be used: 1, spotting with a drill; 2. using transfer punches; and, 
3. usingtransfer serews. 

A typical example of the first method is shown in Fig. 5-17, where a 
.500 inch dowel pin hole in the hardened die must be transferred to the 
die shoe, which is not hardened. The illustrations below the assembled 
view show the sequence of operations. First the die must be very accu- 
rately located on the dic shoe and then they are firmly clamped together 
by socket head screws Using a М. inch twist drill, the die shoe is 
“spotted,” as shown at B. The diameter of the spot should be less than 


— == 


Fig. 5-14, Draw chisel or gouge. 


da ole 


Fig. 515. Starting a drilled hole with a center drill. 
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| A small lead hole is sometimes used to reduce the thrust required for а large 
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the diameter of the drill—ie. the spot should not be quite as deep as the 
point of the drill. Next the hole is drilled through the die shoe with a 
34%, inch drill (sec view C) and reamed with a № inch hand reamer, as 
shown at D, to complete the job. 

On other classes of work that do not require the same degree of ac- 
curacy the sequence may be changed slightly. For example, the hole may 
be drilled to size at B, omitting steps C and D. For tap drill holes, the 
parts may be disassembled at С before drilling the hole to the tap drill 

ize, or the parts may be disassembled before drilling through if they 
cannot be clamped firmly together. If both parts are not hardened, а 
very precise alignment of the holes can be obtained by drilling both 
holes undereize andl then reaming the holes together with a hand reamer 
or by machine reaming, 

‘Transfer punches are eylindrical in shape to fit snugly into the hole in 
whieh they are to he used. One end is hardened and has a small sharp 
puneh point that is ground concentric with the body. The other end must. 
be soft—this is very important in order to prevent possible serious injury 
when this ent is struck with a hammer. Transfer punches can be pur- 
chased commercially, or they ean be made on the job from drill rod or 
other types of tool steel. The use of transfer punches is illustrated in Fig. 
5-18, After the two parts are located and clamped together; the transfer 
punch is inserted in the hole and tapped lightly with а hammer. The 
parts arc then disassembled and the transfer punch mark is very carc- 
fully enlarged slightly with a regular center punch. A start hole is then 
drilled into the workpiece using a 4z inch or a 0.75 mm drill. Successively 
larger holes are then drilled into the workpiece to enlarge it to tho re- 
‘quired size and depth. This procedure will give the most precise results. 
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Fig. 5-1. Procedure for spotting а hole in a dic shoe. 


If less accuracy is satisfactory, a cirele can be seribed with dividers, wit 
ness marks punched on the circle, and the hole drilled in the usual 
manner. 

Transfer serews also have a sharp punch point on one end but their 
body is a serew thread designed to fit in а hole having a mating thread. 
‘They are used in a similar manner as transfer punches, except that it is 
usually necessary to tap one of the parts with a soft hammer instead of 
the transfer screw to form the punch mark 
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Fig. 5:18, Procedure for using a transfer punch. 


Boring 


In addition to the usual operations (drilling, reaming, counterboring 
ete.), drilling machines equipped with a power feed mechanism are some- 
times used to perform boring operations. A single point tool is used in 
boring to enlarge an existing hole. Figure 15-3, in Chapter 15, illustrates 
а boring operation such as might be performed on a drilling machine, as 
well as on a jig boring machine. The single point boring tool is held in a. 
boring bar that can be offset radially from its center of rotation by an 
offset boring head. This radial adjustment of the cutting tool enables it 
tobe set to hore precise hole diameters. 


Reaming 

Reamers are used to finish drilled holes to size and to a smooth, surface 
finish. In order to produce accurate holes by reaming, the reamer must 
be sharp and correctly ground, the right amount of stock must be left in 
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the hole for reaming, and the reamer must be accurately aligned with 
the axis of the drilled hole. The feed of the reamer through the hole 
must not be too fast (0015 to 004 inch per land), otherwise the accuracy 
and the surface finish of the hole will be impaired. Sometimes a reamer 
will chatter. This chatter may exist only at the start of the hole as the 
reamer aligns itself with the drilled hole. Chatter is objectionable because 
it impairs the surface finish of the hole and it can damage the surface 
finish of the reamer. Cemented-carbide tipped reamers, in particular, are 
quite likely to chip if chatter occurs even at the start of the hole. 

To eliminate chatter the following steps should be tried: reduce the 
cutting speed; vary the feed; reduce the relief angle on the reamer; use 
a piloted reamer; use а reamer having helical flutes; increase the rigidity 
of the setup; and, as а last resort, use a reamer having irregular spacing 
of the flutes. The use of a helical fluted reamer is much preferred to one. 
having irregular spacing. The helix angle of helieal fluted reamers should 
not be greater than necessary, as this will tend to increase the force re- 
quired to feed the reamer through the hole. One exception to this are 
taper reamers; these will eut better with a very steep spiral. Often, the 
difficulties associated with chatter ean be eliminated by exercising great 
care in aligning the reamer with the hole, at the start of the operation. 
‘This should never be done carelessly. 

А good supply of the correct cutting fluid should be used for the ream- 
ing operation except when reaming east iron, which should be reamed 
dry, with only a Jet of compressed air to act as а cooling medium. 
Use of the correct cutting fluids often materially improves the surface 
finish obtained in a reamed hole. Generally, for reaming steel, a sulfurized 
mineral oil will work best although good results have also been obtained 
using soluble oil. Soluble oil and lard oil compounds ean be used on alu- 
minum. Brass may be reamed dry, although the application of a soluble 
oil or a lard base, oil compound is often advisable. Soluble oil, or a sul- 
furized mineral oil, is recommended for stainless steels. Many proprietary. 
cutting fluids can be purchased which will do an excellent job. 


Tapping 

When tapping is to be done in a drilling machine there must be pro- 
vision for rapidly reversing the spindle so that the tap can be backed out 
of the hole after the thread is cut to the required depth. Most radial 
drilling machines are designed with a spindle reverse mechanism that is 
‘actuated by thespindle control lever. Upright and bench drilling machines 
are usually not equipped with such a mechanism for reversing the rota- 
tion of the spindle thus a special attachment for this operation is required. 
An automatic reverse tapping attachment is shown in Fig. 5-19. This 
‘attachment has a taper shank which is inserted in the spindle of the ma- 
chine. The body of the chuck and the gage B, which may be used to con- 
trol the depth to which holes are tapped, are both prevented from rotating 
with the machine spindle by rod А. When tapping а hole the spindle is 
lowered by hand and the tap is fed to the required depth manually. When 
the lower end of the stop rod B, comes into contact with the face of the 
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machine, 


work, the forward rotation of the tap is stopped. When the drill press 
spindle is raised, gears within the chuck body are engaged that cause the 
tap to back out of the hole rapidly. The tapping attachment may be 
equipped to have an adjustable friction drive that stops the rotation of 
the tap whenever the tapping torque exceeds а preset limit, thus safe- 
guarding the taps against breakage. 

‘There are many more variables that must be considered when selecting 
the cutting speed for tapping than for other machining operations; thus, 
it is not surprising that the best and most effcient cutting speeds for 

‘tabulated with any assurance that the tap will then 
ing at its highest efficiency. Among the factors that must be 
considered are: 


1. Material to be tapped 

2. Heat treatment and hardness of material to be tapped 
3. Lengthof hole 

4. Length of chamfer on top 

5. Pitchof thread. 

6. Percentage of full thread to be eut 

7. Cutting fluid to be used, and 

s. 


3. Design of the drilling machine with respect to the sensitivity of 
the controls. 


For example, speeds must be lowered as the length of the hole is in- 
creased because long holes accumulate chips, increase friction, and inter- 
fere with the flow of cutting fluids. Taps having long chamfers can be 
run faster than taps with short chamfers in short holes; however, in long 
holes the taps with the short chamfers can be run faster. Bottoming taps 
must be run slower than plug taps. A slower speed is required to tap 
full-depth thread than a 75-per cent-depth thread. When the tap diameter 
exceeds approximately 34 inch, coarse thread taps should be run more 


136 DRILLING MACHINE OPERATION Ch. 5 


slowly than fine thread taps having the same diameter. Taper threaded 
taps, such as pipe taps, should be operated from one-half to three-quarters 
of the speed of a straight tap of comparable diameter. Automatic ma- 
chines in which the movements required for tapping are machine con- 
trolled, can, in most cases, be operated at greater tapping speeds than 
manually operated machines. The machine operator must exercise good 
judgment in deciding the limits of his ability to control the machine in 
order to prevent tap breakage and other possible damage. A table of 
recommended tapping speeds is given in the appendix, but these may have 
to be modified by the factors discussed above. 

When tapping, a cutting fluid should always be used with all materials 
except cast iron and plasties. Cast iron and plastics are machine tapped 
dry or with a jet of compressed air to cool the tap and help to remove 
the accumulation of chips. It is not practical to give specific recommenda- 
tions for tapping other materials because of the wide variety of propri- 
etary cutting fluids that can do an excellent job. The following recom- 
mendations are general and it should be understood that there are 
exceptions. Sulfur based oils with active sulfur are recommended for 
tapping plain carbon steels, alloy steels, malleable iron, and Monel 
metal. Tool steels, high speed steels, stainless steels, and alloy steels that 
have been heat treated to a higher hardness should be tapped using a 
chlorinated sulfur base oil. Mineral oil with a lard base is recommended 
for aluminum, brass, copper, manganese bronze, naval brass, phosphor 
bronze, and Tobin bronze. Aluminum and zine die castings should be 
tapped with lard oil that has been diluted with 40 to 50 per cent kerosene, 
The proper cutting fluid used when tapping can increase tap life, improve 
surface finish, reduce friction, and result in better size control. 


Drill Jigs and Fixtures 

Drill jigs and fixtures are frequently used when a number of duplicate 
parts have to be drilled. The shop terms are understood to have the fol- 
lowing meaning: 


Drill fixtures are specially designed tools that are used to hold the work- 
piece in a fixed location. They may incorporate а method or locating device 
to establish a known relationship between locating, or reference, surfaces on 
the part and the spindle of the machine. Drill fixtures have come into promi- 
rence with the advent of numerically controlled drilling machines. 

Drill jigs incorporate all of the features of drill fxtures and, in addition, 
they are constructed with guide bushings that guide the twist drill or the 
Teamer in the required relationship with respect to the workpiece. Drill jigs 
are used on all types of drilling machines except numerically controlled 
machines. 


Drill jigs provide for а fast and accurate method of locating the drill 
in the position on the workpiece where the hole is wanted, without re- 
quiring a layout to be made, and without the need to use the draw chisel 
ог a center drill to start the hole. There are many different types of drill 
jigs, some of which are very simple, while others are quite complex. The 
basic functions of а drill jig are to locate the workpiece in the position 
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Fig. $20. Casting held in a drill jig for drilling operation. Note that the part is held 
tothe table тарчай. 


required for drilling, to clamp it in this position, and to guide the drill 
by means of hardened steel bushings. An example of the use of a drill 
jig is shown in Fig. 5-20. The part is located and clamped in the drill jig 
which is held to the table, manually. The jig ean be positioned under the 
drill quickly and easily, for drilling several holes. Another drill jig is 
shown in Fig. 5-21. The workpiece is shown at A, and the jig is used to 
drill the 14-inch hole. The work is shown in position in the jig by the 
dashed and dotted line. Figure 5-22 illustrates the application of hard- 
ened-steel drill jig bushings. These bushings fit the drill closely and keep 
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Fig. 5-21. Drill jig for drilling bushing. 


it in proper position. Some jigs have fixed guide bushings and others have 
removable guide bushings. A fixed bushing is shown by the sectional view 
at A, Fig. 5-22, which also indicates how the drill is guided while it is 
drilling the work, w. Jigs are equipped with removable bushings should 
drills of a different size need to be used or if drilled holes are to be 
finished by reaming. For example, if a hole is to be drilled and reamed, 
а removable bushing is used that fits the drill, as shown at В, and this 
is replaced by a bushing that fits the reamer, as shown at С. 

Drill fixtures are similar to the drill jigs shown except that they do not 
have drill bushings. For this reason they are generally more open in con- 
struction than drill jigs. They are always fastened to the table of the 
machine so that their relationship to the spindle remains fixed. Drill jigs, 
оп the other hand, may or may not be fastened to the table. 


СНАРТЕВ 6 


Engine Lathe Construction 


‘The origin of the term “engine lathe” undoubtedly can be traced to 
the manner in which early metal-cutting lathes were powered. These 
carly lathes were driven by a reciprocating steam engine through а sys- 
tem of pulleys, belts, and clutches. Usually, a single steam engine provided 
the power for several lathes as well as for the other machine tools in the 
machine shop. Later, a single electric motor replaced the steam engine 
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Fig. 6-1. Large lathes at work 
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Fig. 6-2 Modera 12° bench lathe. 


to drive а group of machine tools. All modern engine lathes, as well as 
other machine tools, are driven by an individual electric motor. The in- 
dividual motor drive eliminates the need for overhead shafting, reduces 
power losses, provides a more direct drive, and provides greater flexibility 
in the placement of the lathe on the machine shop floor. 

Engine lathes differ from other lathes by their greater simplicity of 
construction and by their greater versatility in performing many different 
machining operations. Turning cylindrical surfaces, facing flat surfaces, 
cutting threads, drilling and boring holes, and cutting internal threads 
are some of the typical operations that are performed on engine lathes. 
ОГ equal importance in considering the versatility of the engine lathe is 
the ease with which the workpiece can be set up and held, and the ease 
with which the lathe can be manipulated in performing different opera- 
tions. Although production lathes and numerically controlled lathes are 
used, to a large extent, where a variety of parts must be made, the 
engine lathe is still the basie machine tool in the machine shop. It is used 
extensively in jobbing shops and in tool and die shops. When operated 
with skill and with an understanding of its capabilities, it ean produce 
parts to exacting standards of accuracy and finish. When the appropriate 
size of machine is used, the engine lathe can produce both large and 
small parts. A group of large engine lathes at work is shown in Fig, 6-1 
‘As a contrast in size, a small bench lathe is shown in Fig. 6-2. A small 
high-precision toolroom lathe is shown in Fig. 6-3. The lathe shown in 
Fig. 6-4 is a sliding bed gap lathe which is also called a gap bed lathe. The 
bed of this lathe ean be moved over the base to form an opening, as shown, 
which provides extra swing to allow the lathe to handle larger and odd 
shaped parts. Sliding the bed open also provides a greater bed length to 
allow it to handle longer parts. When the bed is closed, it functions as a 
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Fig. 63. Precision toolroom lathe. 


regular engine lathe, A hollow spindle lathe is shown in Fig. 6-5. Parts can 
be turned on this lathe that are considerably longer than the normal center 
distance by positioning the workpiece through the hollow spindle. The 
workpiece сап be held by chucks on both ends of the spindle. Hollow 
spindle lathes are used extensively in oil fields for turning and threading 
the ends of ой pipes. 


Principal Features 

The principal parts of an engine lathe are shown in Fig. 6-6. The bed 
of the lathe, Fig. 6-7, is a heavy rigid casting made from gray cast 
iron. Gray cast-iron is used as a material of construction for machine 
tool beds and frames because it has excellent vibration dampening quali- 
ties and it is a good bearing material for sliding bearings. The bed rests on 
two legs with the exception of small bench lathes which have the bed 
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6-4 Sliding bedgap lathe. 


attached directly to the bench. The top surfaces of the bed are accurately 
machined to provide a sliding surface for the carriage and to provide for 
the precise alignment of the headstock and the tailstock. This alignment 
is achieved by providing "ways" which are raised surfaces machined ón 
the top of the bed. The ways are machined parallel to each other. One 
of the two ways is used to align the headstock and the tailstock. The other 
way is used to guide the movement of the carriage as it slides over the 
bed causing it to be parallel to the axis of the lathe. The direction of this 
carriage movement is called longitudinal. Some lathes, that shown in 
Fig. 6-2, for example, have flat beds that do not have ways. The surfaces 
on the sides of the bed that are perpendicular and adjacent to the top of 
the bed are carefully machined parallel to each other. These surfaces 
perform the function of the ways on flat bed lathes. 


Methods of Orive 

‘The lathe is driven by an electric motor that is usually located inside 
the cabinet leg at the headstock end. A multiple V-belt drive transmits 
the power from the motor to the headstock. The principal function of the 
headstock is to support and to align the headstock spindle. On many 
lathes it also contains a selective gear transmission that provides for 
different speeds of the lathe spindle. A typical geared headstock is shown 
in Fig. 6-8. The spindle speeds on geared head lathes are changed by 
placing the spindle speed change levers, located on the side of the head- 
stock, in the position preseribed by the instruction plate located behind 
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Fig. 6-5. Hollow spindle lathe. 


these levers. (See Fig. 6-9.) The speed change mechanism on many smaller 
lathes consists of stepped pulleys of different diameters as shown in Fig, 
6-10. The belt сап be on any of the four different pairs of pulleys that 
provide four different speeds to the lathe spindle. Four additional spindle 
speeds are obtained through a two-step pulley arrangement on the drive 
from the electric motor to the countershaft, which contains one of the 
stepped pulleys, or sheaves, that drives the spindle. Eight additional 
spindle speeds are obtained by engaging the back gears, thus providing 
the lathe with a total of 16 spindle speeds. The back gears consist of four 
gears located inside the headstock that reduce the speed of the stepped 
pulley in the headstock. When the back gears are engaged this pulley is 
disconnected from the headstock spindle; when the back gears are dis- 
engaged this pulley is connected to the headstock and drives it directly. 
Another type of headstock construction is shown in Fig.6-11. А spindle- 
speed mechanism, located outside the headstock (not shown in Fig.6-11), 
may be a stepped pulley arrangement, a gear transmission, or a variable- 
speed drive. The back-gear drive can be seen in this illustration. Tt pro- 
vides the slow spindle speeds. 


The Headstock Spindle 

‘The lathe headstock spindle is mounted on machine-tool grade anti- 
friction bearings which can be seen in Fig 6-11. These bearings аге manu- 
factured to closer dimensional tolerances than ordinary anti-friction 
bearings so that the runout, or eccentricity, of the spindle as it rotates 
is held to a minimum. The spindle is hollow to allow bar stock and lathe 
attachments to pass completely through, if desired. The spindle nose is 
very accurately machined to provide locating surfaces for lathe centers, 
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Fig. 6:7. Lathe bed showing the ways of the lathe. 


faceplates, and chucks. The inside of the spindle nose (Fig. 6-12) has a 
taper which is ground to а high degree of accuracy and surface finish. 
‘This taper provides a seat for an adapter which is used to reduce the 
size of the taper required by the headstock center. The headstock c 


Courteey af The Monarch Machine To! Company 
Fig 6-8. Geared type headstock 
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Fig 6-9. Geared type headstock with quick-change gearbox. 


is held by the taper in the adapter. The construction of the inside of the 
spindle nose for all engine lathes is the same, except for size. There are 
three different designs for the outside of the spindle noses, and these are 
shown in Fig. 6-13. At the left is the long, tapered type of spindle nose. 
‘The spindle nose mountings (chucks and faceplates) are located by the 
taper and are driven by the key. The threaded ring screws onto a match- 
ing thread on the chuck and faceplate, and it holds them securely on the 
taper. The center view (Fig. 6-13) shows a cam-lock type of spindle 
пове, It has a short, tapered surface which locates the spindle mountings. 
The chucks and faceplates have a cam stud (see Fig, 6-12) which fits 
into each of the holes located above the taper. The cam is turned by a 
chuck key, to hold the spindle mounting firmly, on the short taper. The 
cam studs also act as drivers for the mounting. A threaded spindle nose 
is shown in the view to the right, in Fig. 6-13. The spindle nose mount- 
ing is held in place and is driven by the threads. The shoulder behind the 
threads is used to help locate the mounting on the spindle nose. The 
spindle nose should be kept free of nicks and scratches, and it should be 
carefully cleaned before a chuck or a face is mounted on it. Also, the 
corresponding surfaces of the chuck or faceplate must be clean and kept 
free from any damage. 


‘The Quick-Change Gearbox 


‘The quick-change gearbox is located at the left side of the lathe below 
the headstock (sec Figs. 6-9 and 13-11 in Chapter 13). It is connocted to 
the spindle by a gear train as shown in Fig. 6-14. The gears in this train 
are called pick-off gears because they ean be interchanged rapidly. Some 
of these gears are used to cut threads that cannot be cut with the stan- 
dard pick-off gears and the settings of the quick-change gearbox. 
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Fig 6-10. Stepped pulley type headstock 


‘The function of the quick-change gearbox is to provide the lathe with 
the capability of cutting different screw threads and operating at differ- 
ent feed rates. Invented by the American, Frederick B. Miles, and later 
improved by another American, Wendell Р. Norton, it was for many 
years called the “Norton Quick-Change Gearbor.” It consists of a tumbler 
Rear which ean be positioned to engage any one of a cluster of different 
size gears to provide a variety of speed ratios. The tumbler gear is 
gaged by a lever located in front of the gearbox. Often, to provide addi- 
tional speed ratios, a second set of gears is used and still another, third 
set can be used to reverse the direction of rotation of the leadscrew and 
the feed rod. The required number of threads per inch—or thread pitch— 
and the required feed rate are obtained by positioning the handles ac- 
cording to instructions provided on the quick-change gearbox. 

‘The output shafts of the feed-thread gearbox are the feed rod and the 
lead serew. The funetion of the feed rod is to actuate the automatic- 
power feed mechanism located in the lathe apron. The lead serew is used. 
to feed the carriage in the longitudinal (parallel to the lathe axis) direc- 
tion when cutting threads. It should be used only to cut threads in order 
not to impair its aceuraey as the result of wear and the imposition of 
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Fig. 6-11. Modern headstock showing back gears and antifriction spindle bearings 
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g forces. Some lathes (Fig. 6-6) have a control rod located 
ай serew and feed rod which is used to start and stop the 
‘his rod is actuated by the spindle control handle. 


Fig. 6-12. Cam-lock type spindle nose showing adapter and headstock center in place. 
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Fig 6-13. (Left) Long taper type spindle nose. (Center) Cam-lock type sj 
(Right) Threaded spindle nose. 


The Carriage 

The carriage, Fig. 6-15, consists of the saddle, cross slide, compound 
rest, and apron. The saddle, Fig. 6-16, is an H-shaped casting that slides 
оп the top of the lathe bed. It enables the cutting tool to be moved 
parallel or perpendicular to the axis of the lathe. The saddle rides on one 
of the ways on the lathe bed which guides the longitudinal movement of 
the carriage parallel to the lathe axis. 


The Cross Slide 

The cross slide moves over the dovetail slide on top of the saddl 
The movement of the cross slide is perpendicular to the lathe axis. This 
movement is actuated by a feed screw, shown in Fig. 6-17. The feed 
screw can be turned manually by means of the cross-feed handle. The 
automatic cross feed is actuated by a gear in the apron. 

Mounted behind the eross-feed handle is а micrometer crose-feed dial 
that has accurate graduations cut on its circumference which enables 
the lathe operator to determine the distance that the cross slide is moved, 
On many lathes each graduation corresponds to a movement of 0005 
inch of the carriage which causes .001 inch to be removed from the diam- 
eter of the workpiece that is being turned, because a cut is taken from 
both sides of the workpiece as it revolves. Cross-feed dials graduated 
in this manner are said to be "direct reading” dials. For example, if .050 
inch is to be removed from the diameter of the workpiece the cross-feed 
dial is moved 50 graduations. On some lathes the graduations correspond 
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to a movement of 001 inch, thereby removing 002 inch from the diam- 
eter of the workpiece. In this ease the amount to be removed from the 
diameter of the workpiece must be divided by two in order to determine 
the number of graduations through which the cross-feed dial must be 
moved. For example, if .050 inch is to be removed from the diameter of 
the workpiece, the cross-feed dial is moved 25 graduations. 

Clearance must be provided between the cross-feed screw and the 
cross-feed nut (Fig. 6-17) in order to allow the screw to rotate without 
binding. This clearance is intentional although it results in a certain 
amount of lost motion between the nut and the screw. Thus, when the 
cross-feed screw is turned in one direction and then in the opposite direc- 
tion, it will not move the carriage until the lost motion is taken up. In 
order to accommodate this lost motion, the cutting tool must be posi- 
tioned by always moving the cross slide toward the workpiece. If the 
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Fig. 6-16. Lathe saddle. 
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Fig. 6-17. Cross feed screw, 


cutting tool must be positioned an exact distance in a direction away from 
the workpiece axis, the cross slide should be first moved back beyond the 
desired tool position and then moved forward toward the workpiece 
until the desired position is reached as determined by the cross-feed dial. 

Many lathes arc equipped with dual reading micrometer dials on the 
ross feed and on the compound rest serews as shown in Fig, 6-18. Dual 
reading dials have two scales, one of which is graduated in inches and 
the other in millimeters. The dials shown in Fig. 6-18 have one scale 
reading in 01-inch inerements while the other reads 002 millimeter per 
division. Both scales are dircet reading. The scales are located on sepa- 
rate dials which do not rotate at the same speed; one dial drives the 
other through an internal gear train located inside the housing. If the 
feed serew has an inch thread, the inch dial will rotate at the same speed 
as the feed screw; otherwise it is the metric dial that will rotate at the 
same speed as the metric feed screw 


‘The Compound Rest 


‘The compound rest is clamped to the cross slide and its base can 
turn through an angle of 360 degrees when the clamp nuts are loosened, 
‘The base has graduations enabling it to be clamped at any angle with 
respect to the lathe axis. The compound-rest slide is moved over the base 
by a feed screw that is similar in design to the cross-feed screw. The 
compound-rest feed can only be actuated manually, by turning the com- 
pound-rest feed handle. A micrometer dial permits making accurate 
movements of the compound-rest slide. The compound-rest slide has a 
large T slot which is used to clamp а tool post or tool block. The cutting 
tool, or the cutting too! holder, is clamped in the tool post, or tool block. 
‘The function of the compound rest is to provide a movement of the cut- 
ting tool at any desired angle, with respect to the axis of the work. 
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tie micrometer dials on cross feed and compounderest screws 


The Apron 

‘The apron of the lathe, Fig. 6-19, is fastened to the underside of the 
saddle. It is essentially а housing that contains the gears and clutches 
required to actuate the automatic power, longitudinal and croos-feeds. It 
also supports a large handwheel that actuates the manual longitudinal 
feed and a lever, shown at the far right, called the "split-nut" lever, 
which actuates a split nut. The split nut engages the lead screw and drive 
the carriage when cutting threads. It is disengaged when the thread has 
been cut to the desired length in order to stop the motion of the carriage. 
‘The split-nut lever should never be used to feed the carriage to take any 
cut other than cutting serew threads. The lever in the center of the apron 
is used to selectively engage either the cross feed or the longitudinal feed. 
The longitudinal feed is actuated by a small pinion at the rear of the 
apron that engages a rack (see Fig. 6-15) which is located on the side 
of the bed above the lead screw. 


The Tailstock 


The tailstock is used to support long workpieces and also to hold 
drills, reamers, and other cutting tools. А drawing of a tailstock showing 
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Cooter of йым Machine Tol Co. 
Pig. 6-19, Lathe apron 


all of its parts is illustrated in Fig. 6-20. It consists of a base that rests 
‘on the bed of the lathe and a body that is clamped to the base. The base, 
which is aligned with the axis of the lathe by one of the ways of the 
lathe, has an accurately machined guide that fits the body. The body 
and the base will slide over the lathe bed until it is in the desired рон. 
tion, then it is clamped to the bed by tightening the clamp bolt nut. The 
tailstock spindle is prevented from turning, by a key. When the tailstock 
handwheel is turned, the serew causes the tailstock spindle to slide in or 
out of the body. The spindle may be clamped by turning the binder 
handle. The inside of the spindle nose has a taper which is used to hold 
the tailstock center, drill chucks, or cutting tools such as drills or ream- 
ers. This taper must be absolutely clean before a center or other tool is 
inserted in it. It serves, primarily, to locate; its ability to resist torsion 
is very limited. It should not be used to hold large drills because the cut- 
ting torque of the drill may cause the taper to slip and possibly score 
the surface. When this occurs, the taper will no longer locate the center 
or the tool accurately, and it will no longer be able to hold. The repair 
of a tailstock spindle is а very expensive procedure. Scored tailstock 
spindle tapers cannot always be repaired, thus requiring the replacement 
of the entire spindle. The centers, drill chucks, and cutting tools are re- 
moved from the tailstock spindle by backing the spindle into the body 
until the object that is held in the spindle bumps against the plug end 
of the serew which forces it out. The body of the tailstock can be moved 
a limited distance perpendicular to the axis of the lathe by unclamping 
the clamp bolt nut and turning two adjusting screws located on each 
side of the base. This movement is used to accurately align the head- 
stock and the tailstock spindles. It can also be used to turn tapers. An 
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Fig 6-20. Details of engine lathe tailstock: 1. Tailstock center; 2. Spindle; 3. Body 

of tailstock (top); 4 Ой hole; 5. Binder handle; 6. Spindle aut; 7. Screw bushing. 

ре Handwheel; 10. Machine handle; 11. Key for spindie; 12 Ciamp bolt; 

13, Base; № Clamp; 15. Adjusting serews; 16. Aligameot seale; 17. Guide; 18. Binder 
plugs; 19. Binder stud; 20. Woodruff key; and 21. Handwheel nut 


alignment scale on the back of the tailstock gives a visual indication of 
the amount of offset or indicates when the spindle is properly aligned, 
‘This scale should not, however, be depended upon for great accuracy. 


Engine Lathe Attachments. 


Many attachments have been developed to increase the usefulness and 
the accuracy of the engine lathe. Some of these attachments will be dis- 
cussed in greater detail in subsequent chapters. A group of frequently 
used engine lathe attachments is shown in Fig. 6-21. A collet chuck and 
a group of collets are shown at the top of this illustration. A three-jaw 
universal chuck is shown in the lower left side. Separate jaws for holding 
smaller outside diameters, and for holding on inside diameters, are shown. 
‘The jaws of this chuck are actuated by the chuck key. They move in 
and out together and hold the round workpiece in a central location with- 
out the need for further adjustment. A four-jaw independent chuck is 
shown in the lower right-hand view. Each jaw is adjusted independently 
of the other jaws by the chuck key which is the T-shaped key adjacent 
to the chuck. The jaws can be reversed in the chuck body in order to 
grip onto inside or outside surfaces. A drill chuck is shown between the 
three- and four-jaw chucks. The drill chuck is used to hold straight- 
shank twist drills, reamers, and other cutting tools. It is usually held in 
the tailstock spindle when used in a lathe. A large faceplate is shown in 
Fig. 6-22, Workpieces are bolted directly to faceplates to perform various 
turning and facing operations. Lathe fixtures are also bolted to face- 
plates. A lathe fixture is a special device to hold and to locate workpieces, 
їп а lathe, that cannot be held by other methods. 
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соннан of The Monarch Machine Тон Compan 
Fig. 6-21. Engine lathe attachments 


сезчи» of бова моде Tee! Ce 
Fig. 6-22 Large faceplate for holding workpieces that cannot conveniently be held 
by other methods. 


A micrometer carriage stop is shown in Fig. 6-23. It is used to obtain 
accurate positions of the carriage and to move it exact distances, longi 
tudinally. A length rod is extended from the headstock. It can be accu- 
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Сенен of The Monarch Machine Tes Company 
Fig 6-23 А micrometer carriage stop. 


rately moved in one-inch increments. A micrometer head at the end of 
the length rod is used to make fine adjustments of less than one inch. 
The dial test indicator, which is mounted on the carriage, is used to 
position the carriage so that it will always be at the same distance from 
the end of the length rod. 

A large steady rest is shown in Fig. 6-24. Steady rests are used to 
support long and slender parts. The steady rest also permits an unob- 
structed access to the ends of parts so that facing and boring operations 
сап be performed on these ends. The steady rest is composed of a frame 
containing three jaws. These jaws form a three-point bearing surface 
and they can be adjusted in ог out, radially, by turning the adjusting 
screws The frame is hinged on one side allowing the upper half to swing 
open for inserting or removing the work. The base of the frame has 
V-grooves in it that fit the ways of the lathe bed. When the steady rest 
is in use, itis clamped to the bed and the jaws are set against the work 
thus supporting, or steadying it, during the operation. 

Tracer attachments can be used to turn and to bore irregular contours, 
ав shown in Fig. 6-25. They can also-be used to cut stepped shafts with 
shoulders and to turn tapers. Internal tapers, internal shoulders, and 
counterbores can be readily cut with this attachment. The tracer attach- 
ment is mounted on the carriage in place of the compound rest, as can be 
seen in Fig. 6-26. A template with tbe profile of the part to be turned is 
mounted on the carriage but is prevented from moving with the carriage. 
The stylus of the tracer attachment follows the profile of the template 
which causes the cutting tool to turn this profile on the part in а manner 
to be described 

The regular cross slide is removed from the lathe and replaced by one 
having a top slide (similar to the compound rest) mounted on it. This 
slide is actuated by а hydraulic cylinder which has its movement con- 
trolled by a stylus. The nose of the stylus must have the same shape as 
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ig. 24 Boring а large workpiece in a lathe with the end held by а steady rest. 


Fie. 6-25 Part turned ов engine lathe equipped with tracer attachment. 


the nose of the cutting tool. The stylus follows the outline of the template 
which is mounted on the cross slide and fastened to the bed of the lathe. 
The position of the template can be adjusted by the micrometer adjust- 
ment clamp. 
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Courtesy of La Blond Mashine тон Co, 
Fig.6-26. Principle of operation of tracer control attachment, 


In operation, the first diameter is cut to the required size by taking a 
trial eut, using the cross slide to set the tool to the required depth of cut; 
then the stylus is brought into contact with the template and the auto- 
matic power, longitudinal feed is engaged. (The trial cut can usually be 
eliminated on subsequent parts.) The stylus will then pilot the cutting 
tool causing it to reproduce the template outline on the workpiece in 
the following manner: the longitudinal feed moves the carriage toward 
the tailstock at a steady rate; when the stylus detects а change in the 
diameter of the part, or a shoulder, the top slide will move in or out at 
ап angle, with respect to the axis of the workpiece. This angular move- 
ment of the top slide may be considered as being made up of two com- 
ponent motions: one parallel to the lathe axis and one perpendicular to 
it. For example, when а square shoulder is encountered, the top slide will 
move at an angle away from the work axis. The rate of movement of 
that portion of the angular motion of the top slide that is parallel to the 
lathe axis will be equal and opposite to the longitudinal feed rate. Since 
these opposite movements are equal and parallel to the lathe axis the 
tool will, in effect, remain stationary with respect to this direction of 


160 ENGINE LATHE CONSTRUCTION Ch.6 


Crete of дач Machine Toni Co 
Fig 6-27. Took post attachment grinding a lathe center. 


movement. However, it will be carried away from the axis of the work 
by that portion of the top slide motion that is moving away from the 
work axis. Thus, the tool is caused to feed out just as if the cross feed 
were being used. Contours are eut by making that portion of the angular 
movement that is parallel to the lathe axis, operate at a slower or faster 
rate than the longitudinal feed rate, while the tool is moving toward or 
away from the work axis 

А tool post grinding attachment is shown grinding а hardened lathe 
center in Fig. 6-27. Workpicces which have been heat treated to have a 
high hardness ean only be machined by grinding. While most cylindrical 
and internal grinding is done on machines designed for that purpose, 
there are occasions when external and internal cylindrical and tapered 
surfaces are ground on an engine lathe. 


CHAPTER 7 


Single-Point Cutting Tools and 
Their Performance 


Single-point cutting tools are used on engine lathes, shapers, and 
planers. Boring tools, which are also single-point cutting tools, are used 
on a large variety of power machine tools to locate and enlarge holes. 
The performance of these tools has a direct relation to the quality of 
the work done and the rate at which it is produced. Treatment of this 
subject will include discussions of: cutting speeds, single-point cutting 
tool nomenclature, tool shapes, chip formation, chip control, and tool 
wear. An understanding of these topies will form a necessary foundation 
for the successful application of these tools in the shop. While the ma- 
chinist and the toolmaker сап only use those machine tools available to 
them in their respective shops, they will frequently have the responsibility 
of selecting the best cutting tool and cutting-tool shape available; and, 
they must know the correct cutting speed and feed with which these tools 
are to beused. 


Hardness and Hardness Testing 
Three factors have a very decisive influence on the cutting speed that 
can be used 
1. The cutting tool material 
2. The material that is to be cut. 
3. The metallurgical condition of the material when itis being cut. 


One indication of the metallurgical condition of a metal is its hardness; 
technically this is usually measured by determining its resistance to 
penetration. The most common hardness-testing machines used in the 
United States are the Brinell hardness tester and the Rockwell hardness 
tester. The diameter of the impression made by a steel ball is measured 
and this measurement is converted to a Brinell hardness number, abbrevi- 
ated HB, which defines its hardness. Harder metals have а higher НВ. 
‘There are several Rockwell hardness scales. One which is frequently en- 
countered in measuring the hardness of hardened ferrous metals is the 
Rockwell C Scale, that is abbreviated HRC. It, too, has the higher num- 
bers indicating higher bardnesses. In general, the Brinell hardness read- 
ing is given for softer ferrous metals and the Rockwell reading is given 
161 
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for hardened ferrous metals, although there is a range in which they 
overlap. 

The strength of а metal increases or decreases roughly in proportion 
to its hardness. It is not surprising then to discover that harder metals 
must be cut more slowly than softer metals. The hardness of any piece 
ОГ soft metal сап be increased by cold drawing or cold rolling. Annealing 
and normalizing are heat treating processes used to decrease the hardness 
of steel and cast iron although normalizing may be used to increase the 
hardness of a piece of stecl that has been previously annealed, Most 
steels, when heated above a specifie temperature and then quenched 
and tempered, will have their haniness increased. Solution treating and 
aging is another heat treatment process which is used to increase the 
hardness of some metals, particularly aluminum. The details of these 
processes are а subject in the study of metallurgy; however, the machin- 
ist and toolmaker must be aware that the condition of the metals that 
they are cutting is affected by these processes and that any particular 
type of metal can have different hardnesses. In fact, it is quite common 
to have a variation in hardness in a single piece of metal. It should now 
be clear that a cutting speed cannot be given for a specific type of metal 
without also specifying the hardness. The cutting speeds in Tables 7-1 
through 7-5 are, therefore, listed not only for a given metal but also for the 
different hardnesses at which the metal is commonly cut. 

Steels used in the construction of machinery are commonly designated 
by AISI (American Iron and Steel Institute) numbers. Tool steels are 
specified by a letter to identify the type, which is followed by а number, 
such as shown in Table 7-3. Other metals have similar methods of speeifi- 
cation. These specifications are in common use in industry and they are 
used in this book. 


Cutting Speed 


The cutting speed is given in terms of feet per minute (pm) in the 
customary inch system of units. Sometimes this is called surface feet per 
minute (sfpm). In the metric system of units the cutting speed is specified 
їп meters per minute (m/min). Tables 7-1 through 7-5 give the recom- 
mended cutting speeds for cutting many materials in terms of feet per 
minute. These cutting speeds must be considered to be a starting point 
which may have to be modified as determined by actual experience on the 
job. When only a few parts are to be machined these speeds may be used 
without change, but when machining many parts that are alike and when 
maximum production must be obtained, a modification may be desirable. 
Many factors affect the cutting speed which may combine to warrant an 
increase or sometimes a decrease in the cutting speed. These factors will 
now be considered. 

Tool Material. The type of material used to make the cutting tool is of 
prime importance with respect to the cutting speed used to cut any 
material. Cutting tool materials are treated in greater detail elsewhere 
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Table 7-1. Recommended Cutting Speeds in Feet per Minute for Turning 
Plain Carbon and Alloy Steels 


mm pu 
Мы and SAE Stee) Wt | comme 
Free Machining Plain Carbon Steels HRA 
Верные заан | cb 
fo rg. ini ro nen ma | ue | soo 
К { cb. ie | м 
visas | HRA vie | om 
ПАСИ cens | Qand n | e 
use wem | Олат s | № 
| doses | Om | e | № 
р HRA.N.CD| wo 
| Ах p 
жср] ss 
"TTT3E" 
HEANCD| no 
наср |‘ 
por 3 
ton, roo юзу. toys. 1096. " 
ТЈ озо rago. tant oes Li 
oas, м. 048. toa. 1090, озат % 
pon энэн | Омет " 
po Qand T » 
= 
pi 
LE so | i 
КЕЧ "ra 
КИЕ: 
se | ise 
| в эю 
s | № 
1 С % 
HRAN.CD| o 
Alloy Steels 
(Leaded. ао. arLao. ara. Er ш 
азе. айар. silya. зрілою, Guat a 
mise; Флет » 
‘Alloy Steels gots. 4o23. чом чем. sees [mk oo] m | a 
Чате ans. tens | наср | 9 | ie 
ses |CD.N.Qandt| № | № 
En 


quenched and emeret and HB. Briel harden moie 


164 SINGLE-POINT CUTTING TOOLS AND PERFORMANCE Ch. 7 


Table 7-1 (Concluded). Recommended Cutting Speeds in Feet per Minute for 
Turning Plain Carbon and Alloy Steels 
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this chapter; therefore, only a few words will suffice here. The tables 
list the cutting speeds for use with high-speed steel and cemented carbide 
cutting tools. Although there are slight differences in the cutting speed 
that can be used with tools made of different types of high-speed steel, 
these differences arc generally small. A greater difference exists between 
different grades of cemented carbides and it is essential that the correct 
grade be used. The tables are based on the assumption that the correct 
grade of uncoated carbide is used. Coated carbides cannot be used to eut 
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Table 7-2. Recommended Cutting Speeds in Feet per Minute for Turning 
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all materials; however, where they can be used, they can usually be 
operated at a 20 to 40 percent faster cutting speed than given in the tables 
and sometimes by as much as 50 percent. Since there аге so many grades 
of cemented carbides, the selection of a specific grade should he made by 
obtaining the recommendations of a carbide producer. 

Work Material. Of equal importance in selecting the cutting speed is the 
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Table 7-3. Recommended Cutting Speeds in Feet per Minute for Turning 


НЫ 
pem wee | == [onthe teem] 
NN E M E 

EE 

Ferritich ago. 430F Se ^ 

pueri A 

Cum. | & 

й 

"— ato 
3 ma 

КЕН 

rd 

po 

436. 442. 446, оз к я af 

Ch M s | alm 

uud 5 а 

et ge am i e 

OS, 314, 316, 3161.317. 330 к + 

H В 

А 

€— [ш] д | Ж 
qm i 

| а 

— 

eS Emir 

m sei 

gm 

z а xe |i 

mamenn” | a] 8t 

ores 

А ea Set contest 

TET CIT "——-— 


whieh it ean be eut. The cutting speeds recommended 
based on the expectaney that the material ean be eut at the given speed 
with a reasonable tool life. It bas already been explained that most 
metals сап have a different hardness, depending on how the metal has 
heen heat treated or cold worked. For most materials, the cutting speeds 
in the tables are given for several different hardness levels. Since the 
hardness is not always known hy the machine operator, the material 
condition associated with the hardness is provided in a separate column, 
In this way the machinist might estimate the hardness When in doubt, 
start at the lower cutting speed and then sec if the workpicee can he cut 


in this chapter are 
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Table 7-4. Recommended Cutting Speeds in Feet per Minute for Turning. 
Ferrous Cast Metals 


mm Hardness | Material | Cetine Spera fom. 
Ferrous Cast Metals "HBS | Cmm [ нуу | caniae 
Gray Cast rom 
ASTM Classe чоме ^ 5 
ASTMClassa5 ез ac we | ase 
"ene ac we | 
земе ac s | = 


Tau ne tem | acer |» 
"" "um 
zz wo nm 
mae urt | « | 
n Û ıt | | = 


a wo | ae 

| к e| 
О | зе» | онт «| 
me [ п ais 


нозе ГЕЯ 
Е рш 
[4 equ 
nens ю | s 
pr FEE 
ie | 


168  SINGLE-POINT CUTTING TOOLS AND PERFORMANCE Ch. 7 


Table 7-5. Recommended Cutting Speed, in Feet Per Minute, for Turning 
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faster. Other work material factors that influence the cutting speed are 
surface seale, hard spots in castings and weldments, and hard work- 
hardened layers resulting from previous machining or coll working 
operations. Some variations in the hardness and microstructure may occur 
within a single bar of a wrought material, such as steel, Noticeable varia- 
tions in the abilty to be cut by machining may occur between bars of the 
same type of steel made from different heats, as a result of steel mill 
practices 
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Tool Life. Tool life is the length of time that a eutting tool will cut before. 
it becomes dull or requires replacement. When cutting most metals, 
cutting tools will operate successfully over a rather wide range of cutting 
speeds, up to a cutting speed where the tool life is too short to he 
acceptable. Below this speed the tools will behave in the following manner 
when normal flank wear occurs and an abnormal type of tool failure 
does not occur. 


A reduction in the cutting speed will cause а much larger increase in 
the toot life. Conversely, increasing the cutting speed will cause a 
much larger reduction in the tool life. 


This is a very important performance, characteristic of all metal cutting. 
tools, that should һе remembered. For example, when the cutting speed is 
reduced from 350 ípm to 300 fpm while turning ATST 1040 steel with a 
cemented carbide tool, the tool life will be inereased from approximately 
30 minutes to 50 minutes. This is а 67 percent inercase in tool life obtained 
by a 14 percent reduetion in the cutting speed. When, in this case, the 
cutting speed is reduced about 29 pereent, from 350 {pm to 250 fpm, the 
tool life will be inercased 200 percent to approximately 90 minutes, Even 
larger percentage inereases will occur when using high-speed steel cutting 
tools. 

Cutting tools ean perfor Y over a rather wide range of 
cutting speeds, except when cutting very hard materials and certain other 
Aiffcult-to-machine materials. The cutting speed selected should be based. 
оп а desired tool life. If the cutting speed used is found to result in a tool 
life that is too short, the first remedial step should be to reduce the cutting 
speed. While a slow cutting speed will result їп а very long tool life, this 
is always at the expense of an unnecessarily long cutting time and an 
increased part cost. 

Feed and Depth of Cut. The feed rate and the depth of eut also have an 
effect on the tool life and, therefore, on the cutting speed. The cutting. 
speeds in Tables 7-1 through 7-5 arc based on using a feed rate of 012 
in,/rev (030 mm/rev) and a depth of eut of 125 in. (3.18 mm). When a 
different feed or depth of cut is to be used, tbe cutting speed should he 
changed accordingly in order to have approximately the same tool life as 
before. The amount of change in the cutting speed ean be calculated by 
applying the factors for feed and depth of cut in Table 7-6. These factors 
should not, however, he used with Table 7-7 because their validity for 
many nonferrous metals and alloys is uncertain. Applying the feed and 
depth of eut factors will show that when light euts are taken the cutting. 
speed сап be inereased and when heavy roughing cuts аге taken it should 
һе decreased, 

Cutting Tool Geometry. This topic is treated at length elsewhere in this. 
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Table 7-6. Cutting Speed Feed and Depth of Cut Factors for Turning * 
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chapter. It is, therefore sufficient to say here th 
tool has some effect on the cutting speed. 
Cutting Fluids. Coolant type cutting fluids, when correetly applied, will 
lower the temperature of the cutting tool and tend to increase the tool life. 
As an alternative, the coolant will cool the tool enough so that a higher 
cutting speed сап be used without overheating, The degree of improve- 
ment that ean be obtained depends on the type of coolant used. 


the shape of the cutting 


‘Selecting the Cutting Conditions. 
The tool life of a cutting tool is most affected by the cutting speed, 
secondly by the feed rate, and least by the depth of cut. This important 
principle of metal eutting should be memorized. Stated in another way, 
reducing the cutting speed will inercase the tool life more than a reduction 
in the feed rate; and а reduction in the feed rate will increase the tool life 
more than a reduction in the depth of cut. Conversely, increasing the 
depth of eut will reduce the tool life less than an inerease in the feed 
rate; and, inereasing the feed rate will reduce the tool life less than an 
inercase in the cutting speed. The latter principle leads to the logical 
sequence of selecting the cutting conditions, which are given below: 
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1. Select the depth of cut. Use the largest depth of cut possible, as 
determined by the amount of metal to be removed from the part 
and by the available power on the machine. 

2. Select the feed rate. Use the heaviest feed rate possible consistent 
with the surface finish requirement on the workpiece, the rigidity of 
the machine and workpiece, and the available power on the machine. 

3. Select the cutting speed. Use an appropriate table of cutting speeds 
аза guide, such as provided in this book. 

4. Find the appropriate feed and depth of cut factors, when available. 
Use Table 7-6 in this book, but only with the eutting speed tables 
provided in this book and in Machinery’s Handbook. Do not use 
this table for nonferrous metals and alloys. 

5. Calculate the cutting speed and machine spindle speed. How this is 
done will be shown in the next section of this chapter. 

6. Check to sec if the machine has sufücent power. This step is 
optional. In actual practice, this is not done by many persons. When 
taking only а medium or light cut it is unnecessary. When taking a 
very heavy eut it is n useful step to determine if the planned 
eut is within the capacity of the machine. Details on how this is done 
are given further on in this chapter. 


Calculating the Cutting Speed 


The formulas used to calculate the cutting speed and the spindle speed 
of the lathe are given below for both customary inch and metric units. 
Either inch or metrie units ean be used in Equation 7-1. The answer will 
be in terms of the units used for the cutting speed selected from the 
table 


АЛА an 
17 

ме 25 (Inch units only) (7-2) 

м= 1907 (Metric units only) (7-3) 


=D 
Where: 


V Cutting speed as modified for feed and depth of cut, or from 
Table 7-5, fpm or m/min 
utting speed from Tables 7-1 through 7-4, fpm or m/min 
Fecd factor, from Table 7-6 
Depth of eut factor, from Table 7-6 
indie speed of lathe, rpm 


v, 
F; 
2 
N 
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D=Diameter of workpiece, in. or mm. (This is the diameter before 
turning, not the finish turned diameter.) 
-3 (pi) 


Example 7-1: 
Calculate the cutting speed and the spindle speed for turning a 1.500 
in. diameter bar of AISI 4340 steel having a hardness of 220 HB using а 


cemented carbide (uncoated) cutting tool. The depth of cut selected is 
200 in. and the feed selected is 020 in /rev. 


(from Table 7-1) 
(from Table 7-6) 
(from Table 7-6) 


ıs of this type the answers are always rounded-off; e.g., 
the calculated cutting speed is 2046 fpm, which is rounded-off to 200 
fpm. The actual spindle speed that would be used is the closet available 
оп the lathe. Sometimes, but not always, when the closest available 
speed is much faster than the calculated spindle speed, the closest lower 
spindle speed is used. 


Example 7-2: 


Calculate the cutting speed and the spindle speed for turning a 200 mm 
diameter Class 30 gray iron casting with a high-speed steel cutting tool. 
‘The depth of cut selected ix 3.80 mm (.150 in.) and the feed selected is 
038 mm/rev. (015 in./rev). 


(From Table 7-4) 
(From Table 7-6) 
(From Table 7-6) 


m/min 


= V.F, Fa=24 x 91x97 
21 m/min 
1000х21 
E 


Cutting Tool Materials. 


Cutting tool materials must have the following properties at the high 
temperatures encountered in metal cutting: 1. high hardness; 2. good 
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Table 7-7. Chemical Composition of Frequently Used 
High-Speed Steels * 


‘Nominal Chemical Composition, Percent 
A181 

Designation) С w Mo e v © 
мі озо 15 | s | аю | 100 

м oss бю | so | سه‎ | 20 dise 
ме озо 49 | sm | سه‎ 150 1200 
Maz 110 150 | ою | 375 115 s00 
m ою | amo S 400 1m эе 
Te ою | 20 450 150 1200 
Ts 10 1200 аю | soo 50 


Curban, W Tongen Mo Meivbarnam, Cr -Cromor V-Vansdium. Cs Cola 


vctallurgical inter- 
1. Cutting tools must also be able to with- 
stand mechanical and thermal shock. The 100m temperature properties of 
cutting tool materials serve only as a rough guide to their ability to 
perform as a cutting tool; the only reliable guide is their actual perform- 
ance when cutting. While high-speed steel ean be broadly applied as a cut- 
ting tool material, where higher cutting speeds are required it is necessary 
to be able to select from other eutting tool materials the material to suit 
а particular job. 


High-Speed Steel 


High-speed steel is the name given to a group of very similar tool steels 
by virtue of their execllent red hardness. Red hardness is the ability of a 
steel to retain its hardnes at а high temperature. High-speed steels will 
retain sufficient hardness at temperatures up to 1100 F to 1200 F which 
will enable them to eut other materials while at these temperatures. When 
cooled, the high-speed steels will return to their room temperature hard- 
mese, which is 63 to 65 НВС for cutting tools made of this material, High- 
speed steels are very deep hardening; this enables them to be ground to a 
tool shape from solid stock and to be resharpened, when required, without. 
а loss of hardness. They ean be softened by annealing and then machined 
into complex cutting tool shapes, such as twist drills, reamers, and milling 
cutters. 

While the types of high-speed steels that are available are designed to 
meet some special requirement or to provide a special advantage, as a 
group they are almost a universal cutting tool material inasmuch as they 
are not too sensitive to the characteristic of the material being cut. Most 
work materials ean be eut sucessfully with any type of high-speed steel 
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It is not necessary to be overly concerned about the type of high-speed 
steel used. Exceptions are the high-temperature alloys and other exotic 
materials. The limitations of high-speed steel relative to other cutting tool 
materials are its lower hardness and the slower cutting speeds that must 
beused. 

The composition of a few typical high-speed steels is given in Table 7-7. 
The alloying elements in high-speed steels are tungsten, molybdenum, 
chromium, vanadium, and carbon. There are two classes of high-speed 
steel. Those designated by the letter T have tungsten as their principal 
alloying element, To conserve tungsten, the class designated by the letter 
M has some of the tungsten replaced by molybdenum. The original type 
of high-speed steel was Т1, which is still used to make cutting tools. The 
most widely used type for making eutting tools is M2. 

The addition of cobalt to high-speed steels increases its red hardness; 
i.e., it will have a higher hardness and will be more wear resistant than 
other types at the metal cutting temperatures. Cobalt high-speed steels, 
such as TO and М6, are, therefore, recommended for taking roughing cuts 
їп abrasive materials and through abrasive surface scale. They are, how- 
ever, more brittle and susceptible to cutting edge chipping. They are thus 
not recommended for fine finish cutting operations. 

The M40 series and T15 high-speed steels (see M42 in Table 7-8) are a 
group of high-hardness, or so-called super-high-speed steels. They can be 
hardened to 70 HRC, although for cutting tool applications they are usu- 
ally hardened to 67 to 68 HRC to reduce their brittleness and tendency to 
chip. They are designed specifically to eut high temperature alloys and 
other high-strength alloys. Some high-speed steels are made by the particle 
metallurgy process. Tools made from these steels can be about 1 НВС 
harder without sacrificing toughness. For high-speed steel cutting tools, 
1 HRC is a significant increase in hardness. These high-speed steels are 
particularly useful on applications where the tool life is limited by chip- 
ping of the cutting edge. 


Cemented Carbides 


Cemented carbides, also called sintered carbides or just carbides, are 
much harder and more wear resistant than high-speed steel. They can 
retain their hardness at a higher temperature (1400 F and higher) than 
high-speed steel which enables them to cut at much faster cutting speeds. 
‘They are produced by the powdered metallurgy process. They are, how. 
ever, as compact and dense as other metals. Like most very hard materials, 
carbides are somewhat brittle. Cemented carbides are expensive; for this 
reason carbide cutting tools are made in the form of small tips brazed onto. 
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а steel shank, or small inserts that are mechanically clamped in place. 
Although not common, some solid cemented carbide cutting tools, such 
аз small twist drills, are made. 

Many different grades of cemented carbides are available and the 
importance of selecting the correct grade cannot be overemphasized. The 
cutting speeds for carbides given in the tables of this book are based on. 
the assumption that the correet grade of carbide is being used. To select 
a carbide grade, it is best to seek the recommendation of a carbide 
producer. As a guideline in selecting a grade, itis first necessary to find 
the grades having the correct chemical and metallurgical specification for 
cutting the workpiece material. Then within this group, a grade having a 
suitable hardness is selected. Harder grades are selected for light finishing 
cuts, and for roughing cuts less hard but tougher grades are selected. In 
general, select the carbide grade having the highest hardness with sufficient 
strength to prevent the cutting edge from chipping, 

The principal types of cemented carbides are straight tungsten carbides, 
crater resistant carbides, titanium carbides, and coated carbides. Straight 
tungsten carbide grades contain from 91 to 97 percent tungsten carbide 
with the remainder being cobalt. The higher cobalt bearing grades are 
tougher and more shock resistant; they are recommended for heavy 
roughing cuts. The higher tungsten bearing carbides are harder and more 
wear resistant; they are recommended for taking lighter, finishing cuts, 
As а class, straight tungsten carbides are recommended for machining 
gray cast iron, ferritic malleable iron, austenitic stainless steels, high 
temperature alloys, and plastics. They should not be used to eut plain 
carbon and alloy steels because these materials will form a crater on the 
face of the tool which will result in a very short tool life. 

Plain carbon and alloy steels should be cut with a crater resistant grade 
of carbide, Crater resistance is imparted in a carbide by the addition of 
titanum carbide. In addition, tantalum carbide is usually added to these 
grades to prevent the cutting edge from deforming at the temperature 
and pressure encountered when taking a heavier cut. Crater resistant 
grades of carbides are used to cut all of the plain carbon and alloy steels, 
alloy cast irons, pearlitic malleable irons, nodular iron, Monel metal, 
martensitic stainless steel, ferritie stainless steel, and all of the tool 
steels 

Titanium earbide grades contain no tungsten earbide; they are made 
from titanium carbide and a small quantity of nickel or molybdenum, 
‘These grades have excellent crater and heat resistance which enables 
them to be used at higher eutting speeds. They will produce an excellent 
surface finish on the workpiece. Their use ix limited by their low resistance 
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to shock, thermal cracking, and to oxide films and surface scale. Titanium 
carbides are used to take finish and semi-finishing cuts on low carbon-low 
alloy steel, wrought aluminum, and cast iron. They should not be used to 
machine abrasive materials because of their low overall resistance to 
abrasion. 

Coated cemented carbides consist of а cemented carbide insert, called 
the substrate, on which a thin coating of titanium carbide (TiC), 
aluminum oxide (ALO,), or titanium nitride has been deposited. The 
thickness of the coating is only .0002 to 0004 inch (0.005 to 0.010 mm), 
which is firmly bonded to the substrate. Usually a single coating is used 
although some inserts are double and triple coated. Since grinding would 
remove the coating, coated carbides are available only in the form of 
disposable inserts. The advantage of coated carbides lies in the fact 
that a wear resistant coating can be applied to a selected substrate to 
obtain а combination of favorable performance characteristics such as 
wear resistanee, toughness, strength, and resistance to thermal shock, 
crater formation, and deformation. Where they can be used, coated 
‘carbides will generally operate at a higher cutting speed without a sacrifice 
of tool life; conversely, at the same cutting speed as an uncoated grade, 
the coated insert will give a longer tool life. In some cases the cutting 
speed сап be increased 20 to 40 percent and sometimes up to 50 percent 
when using a coated carbide. Coated carbides have been developed to 
take interrupted cuts and to perform milling operations, although they 
are slightly less shock resistant than the tougher uncoated grades of 
carbides. 

There are different grades of coated carbides and the correct grade must 
be selected for cach operation. In general, coated carbides are recom- 
mended for taking medium and heavy-duty roughing cuts and high-speed 
finishing cuts on carbon, alloy, and tool steels, free machining steels, alloy 
cast iron, and the 400-500 series stainless steels. They are also recom- 
mended for medium roughing and high-speed finishing cuts on gray cast 
iron and the 200-300 series stainless steels. They are not recommended 
for the machining of cobalt, nickel, or iron base high-temperature alloys, 
titanium base alloys, refractory metals, free machining brass, bronze, 
aluminum-bronze, manganese bronze, monel, cupro-nickel, silicon- 
aluminum, nickel, copper, magnesium alloys, zine base alloys, and 
nonmetals such as carbon, fiberglass, and plasties. 


Ceramics and Cermets 


Ceramic cutting tools are made by sintering fine grains of aluminum 
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oxide into a dense structure. Cermets are a mixture of approximately 70 
percent aluminum oxide and 30 percent titanium carbide. Ceramic cutting 
tools are quite brittle and sensitive to shock. They can be used to eut at 
extremely high cutting speeds. As an example, ceramic cutting tools have 
been used to cut AIST 1040 steel at 18,000 {рт (5500 m/min) on a lathe 
designed to take high-speed cuts. At this speed a very good tool life was 
obtained. Ordinary machine tools cannot, however, cut at these speeds. 
Ceramic inserts should be honed or ground along the cutting edge to 
prevent chipping. It is customary to grind а “К” land on ceramic tools, 
which is a narrow land 002 in. to 006 in. (0.05 mm to 0.15 mm) wide and 
ground at an angle of 30 degrees with respect to the face of the insert. 
Cermets are stronger than ceramics and can be used for interrupted cuts. 
They have been used successfully in milling. To be effective, however, they 
should be used at very high cutting speeds. Ceramic and cermet cutting. 
tools ейп be used to machine plain carbon and alloy steels, gray east iron, 
malleable iron, nodular iron, and stainless steel. They should not be used 
to cut aluminum or aluminum alloys because the aluminum oxide in these 
tools will react with these metals. 


Other Cutting Tool Materials 
Several other cutting too! materials are firmly established by virtue of 
their superior performance on special classes of work. 
Diamonds. Single crystal diamond cutting tools are extremely hard and 
very wear resistant. They produce an outstanding surface finish on all 
materials that they are capable of cutting because diamonds will not 
react with other materials at the cutting temperatures (see Fig. 9-32) 
They can operate at fast cutting speeds; however, the diamond may dis- 
integrate if the temperature at the cutting edge becomes too high. For 
this reason they should not be used to cut steel, cast iron, or other iron- 
base maerials. The diamond is also susceptible to chipping and inter- 
rupted cuts are not normally recommended. Diamond cutting tools are 
able to cut some very hard materials and are especially useful for 
cutting abrasive materials. Their excellent wear resistance enables them 
to produce a fine surface finish and a uniformly precise dimension when 
taking long cuts. One outstanding characteristic of these tools is their 
ability to produce excellent surface finishes on materials that are difficult 
to finish by other means, such as aluminum, magnesium, copper, and 
babbit. They are also used to finish brass, bronze, stainless steel, titanium, 
and the precious metals—gold, silver, and platinum. The finish obtained 
сап be comparable or better than that obtained by grinding, fine honing, 
or lapping. 
Poly-Crystalline Diamonds. These cutting tools are made in the form of 
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inserts from diamond powders that have been compacted and sintered 
together. Another type consists of a layer of poly-crystalline powders 
supported on a cemented carbide base. They are more resistant to chipping, 
and сап be resharpened by grinding. Otherwise, their properties and field 
of application are similar to single-crystal diamonds 

Cubic Boron Nitride. The trade name of this material is Bororon, by 
which it is better known, It is used as an abrasive in grinding wheels and 
is compacted to make edge-type cutting tools in the form of inserts 
Borozon is very hard and ean operate for long periods of time at a tem- 
perature of 2000 F. 1t will eut the diffcult-to-machine high temperature 
alloys at a cutting speed that is four to six times faster than cemented 
carbide tools. The temperature developed at the cutting edge is high 
enough to produce a small ball of fire and to reduce the strength of the 
‘work material, making it easier to cut. A water base cutting fluid should 
be used to prevent the chips from welding onto the surface of the 
workpiece 


Cast Nonferrous Alloys 

Cast nonferrous alloys can be used for cutting at speeds about 20 to 
50 per cent higher than high-speed steels. They are not as tough, but are 
more wear resistant than high-speed steel. They cannot cut as fast as 
cemented carbides and their application is limited. The composition of 
these alloys is approximately 40 to 53 per cent cobalt, 30 to 33 per cent 
chromium, and 14 to 22 per cent tungsten. 


Single-Point Cutting Tool Nomenclature 


The nomenclature of a single-point cutting tool is shown in Fig. 7-1. 
Most cutting tools have two cutting edges; a side-cutting edge and end- 
cutting edge (see View A, Fig. 7-1). When doing ordinary turning the 
cutting is done with the side-cutting edge. The nose is that portion of the 
cutting edge which serves to connect the two cutting edges. It is a very 
critical part of the eutting edge because it produces the finished surface in 
turning. The flank of the tool is the surface on the side of the tool below 
the cutting edges. It must be relieved in order to permit the cutting edges 
to penetrate into the metal being eut. If the flanks below the side-cutting 
edge, nose, and end-cutting edge were not relieved, the tool would rub 
and could not penetrate into the workpiece. The face of the cutting tool 
provides a surface over which the chip that is formed by the cut slides. 
It also has a great influence in determining the angle of the shear plane 
on which the grains of the metal are deformed in order to form the chip. 
‘This will be described later in this chapter. The metal remaining in back 
of the cutting edge is the shank. It supports the cutting edge and provides 
а surface upon which the eutting tool can rest and be held. 

The cutting tool in Fig. 7-1 is a right-hand tool. A right-hand cutting 
tool can be identified by having the side-cutting edge on the left when 
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viewed from the shank. A left-hand cutting tool has the side-cutting edge 
оп the right side when viewed from the shank. The tool shown is also 
classified as а side-cutting-edge tool because it is provided with a side- 
cutting edge and because it is intended that most of the cutting will be 
done with the side-cutting edge. End-cutting-edge tools (see H, J, and К, 
Fig, 7-14) are intended to cut exclusively with their end-cutting edges 
and are made without a side-cutting edge. 

When specifying а single-point cutting tool, it is necessary to specify 
the width and height of the shank. In addition, it is necessary to specify 
the radius of the nose and the six principal tool angles which are: 
1. end relief angle; 2. side relief angle; 3. back rake angle; 4. side rake 
angle; 5. end-cutting-edge angle; and 6. side-cutting-edge angle. These 
angles are all shown in View B, Fig. 7-1 


Relief Angles 

The side relief angle provides the relief for the side-cutting edge in 
order to allow it to penetrate into the workpiece so that it can form the 
chip. The end relief angle allows the end-cutting edge to penetrate into 
the workpiece. The relief angle below the nose is a blend of both the 
end relief and the side relief angles. Usually, both relief angles are equal 
although this is not always the case. The size of the relief angles has a 
very pronounced effect on the performance of the cutting tool; if they 
are too small they will cause a decided decrease in the tool life; if too 
lange, the support below the cutting edge will be weakened to the extent 
that the cutting edge may break or chip. For average work, a relief angle 
of 10 degrees is recommended. For high-speed-stee cutting tools the 
relief angle should be in the range of 8 to 16 degrees. Harder materials 
may require a smaller relief angle while softer materials are more suc- 
cessfully cut when а larger relief angle is used. The relief angle for 
cemented-carbide cutting tools should be in the range of 5 to 12 degrees 
Since carbides are harder and more brittle than high-speed steel, a better 
support under the cutting edge is required. 


Rake Angles 

The slope of the face of the cutting too! is determined by the back-rake 
and side-rake angles. The side-rake angle is measured perpendicular to 
the side-cutting edge and the back-rake angle is measured parallel to 
the side-cutting edge. The rake angles may be positive, as shown at В in 
Fig. 7-1, or may be negative, as shown at C. Note that the positive rake 
angles cause the face of the cutting tool to slant downward when moving 
away from the cutting edges, and that negative rake angles cause this 
surface to slant upward when moving away from the cutting edges 
Positive side-rake angles are generally preferred because less cutting 
force is required in order to take a given size cut as compared to a tool 
with в negative side-rake angle. 

‘The cutting force required to take a given cut will increase approxi- 
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The nomenclature of tbe single-point cutting tool. 
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mately one per cent per degree that the size of the positive rake angle is 
decreased, or that the size of the negative side-rake angle is increased. 
For example, if a tool with a 5-degree, positive side-rake angle is re- 
placed by one with a 5-degree negative side-rake angle, the force required 
to take the eut will be increased approximately ten per cent. The back- 
rake angle does not have as much effeet on the cutting foree. The posi- 
tive side-rake angle tool will generate less heat and will have a longer 
tool life than the negative side-rake angle cutting tool. The side-rake 
angle on most cutting tools should be made with as large a positive rake- 
angle as possible, up to а certain limit, for if it is made too large, the 
cutting edge will be weakened and will readily fail. The advantage of 
having a negative side-rake angle, and a negative back-rake angle, is 
that the cutting edge is strengthened; thereby enabling it to withstand 
more severe cutting loads, This is an advantage when cutting very hard 
and tough materials and when taking interrupted cuts. Negative rake 
angles are often preferred on disposable or throw-away earbide cutting 
tools (see Fig. 7-6) because relief angles do not have to be ground on the 
inserts; also, the edges on both the top and the bottom of the inserts 
can be used as cutting edges. This provides twice as many cutting edges 
ав а comparable, positive rake eutting tool which has cutting edges avail- 


Table 7.8. Recommended Rake Angles 


High-Speed Steel Carbide 
Veris SEE [cum 
Material ‘UD Back Rake] Side Rake | Back Make] Side Take 
(Angle, deg | Angle, дек | Angle, dex | Angie, den 
[Pinin Carbon Stee 10010 200 $110 | 101020 
2001900 Sto | stolz 
foot 00| ows | Sil 
00010 800] 5100 | 5120 
Alloy Steel 100 to 200] 51010 | 101016 
20010 300] 31077 | #1012 
30010400] ows | $510 
oto 00| 3000 | -5100 
Aluminum 
‘Non Heat-Treated 301035 
Hent Treated 151020 
101020 
#1010 
Sto 12 
Bios 
(Gray Cast-Iron 101015 
EE 
EDD 
|Malleable tron 
Ferrite 110 t0 160] swis | 121020 
Pearlitie 160 to 200] stog | 101012 
20019 280] 0195 | Stes 
BBrase-Free Cutting -515 | 0110 
[Brass 
Tte, Yellow, 
Manganese Br 
Silver -515 |-stos | -stos | ss 
[Hard Phosphor Bronze зоо | воз | 50 | 505 
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able on only one face of the insert. The rake angles recommended for 
cutting different work materials are given in Table 7-8. 


End-Cutting-Edge Angle 

‘The end-cutting-edge angle is the amount that the end-cutting edge 
slopes away from the nose of the tool, so that it will clear the finished 
surface on the workpiece, when cutting with the side-cutting edge. The 
size of this angle is very important, particularly when cutting materials 
that tend to form a large crater on the face of the tool. This erater will 
then tend to enlarge toward the end-cutting edge where it will eventually 
break through and eause the tool to fail. This ie shown at D, Fig, 7-24. 
When severe cratering occurs, the size of the end-cutting edge should be 
limited to 8 to 15 degrees; otherwise, it can be made as large as 45 degrees 
without an adverse effect on the performance of the tool. 


‘Side-Cutting Edge and Lead Angles 


Since the chip will fow approximately perpendicular to th? side-cutting 
edge, the side-cutting-edge angle, thereby, influences the direction of the 
chip flow. It also affects the thickness of the chip and the direction of the 
longitudinal component of the cutting force. These, however, are more 
affected by the lead angle An understanding of the relationship of the 
ead angle to the side-cutting-edge angle is necessary in order to under- 
stand how single-point cutting tools perform. 

The lead angle is defined as the angle at which the side-cutting edge 
is positioned, with respect to a plane that is perpendicular to the axis of 
the workpiece. (See Fig. 7-2.) When the cutting tool is positioned per- 
pendicular to the workpiece, the lead angle is equal to the side-cutting- 
edge angle as shown at B. In Fig. 7-3, the tool at A, has a zero degree 
lead angle and the tool at B, has a larger lead angle. The feed, or distance 
that the cutting tool advances per revolution, and the depth of cut are 


LEAD ANGLE EQUAL 
LEAD “7 TO SIDE-CUTTING 
ANGLE 


SIDE-CUTTING: 


ae 


s 
Fig. 7-2. Definition of the lead angle. 
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Fig. 7-3. The effect of the lead angle on the chip thickness 


‘qual, in both cases. The chip thickness is measured perpendicular to the 
side-eutting edge of the tool At A, the chip thickness is equal to the 
‘eed; while at B, the chip thickness is less than the feed. In each case 
he same amount of metal is removed—in the form of a chip—for each 
‘evolution of the work; however, the chip at B, is longer and thinner. 
Thus, the effect of the lead angles is to produce a longer and thinner chip, 
which can be considered the equivalent of increasing the depth of cut. 
and decreasing the feed rate. A study of the effect of feed on the cutting 
speed, in Table 7-6, will show that the thinner chip, or lower feed rate, 
will permit the cutting speed to be increased; or, if the cutting speed 
remains the same, the feed can be increased. In either case, an increase in 
the lead angle can bring about an increase in the production rate that can 
be attained. The effect of the depth of cut is relatively small, and can usu- 
ally be ignored. 

‘There is, however, ап adverse effect caused by a large lead angle. This. 
is shown in Fig. 7-4. A force is required to feed the cutting tool into the 
workpiece; this force is called the "longitudinal" force. It is perpendicular 
to the side-cutting edge. Although shown in Fig. 7-4, as reacting against. 
the work, it reacts with an equal magnitude against the cutting tool. At 
A, this force is parallel to the axis of the workpiece and there is very 
little tendency to cause it to bend the work. At B, this force is directed 
зо that it will eross the workpiece axis which will cause the workpiece to 
bend away from the tool. The elasticity in the workpiece material will 
cause it to spring back into its original position. When this cycle is re- 
peated at certain frequencies a very noticeable vibration, called chatter, 
will set in, Chatter impairs the surface finish on the work and causes а 
rapid breakdown of the cutting edge as well. In all instances it must be 
eliminated. It can be caused by many factors, such as: loose headstock- 
spindle bearings, a loose fit on the cross slide, too much overhang of the 
cutting tool, or a very dull cutting tool. However, the most frequent cause 
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Fig. 74. The direction of the reaction of the longitudinal cutting force is perpendicular 

tothe side-custing edge. Да equal and opposite force that is not shown reacts against 
the cutting edge. 


is a lead angle that is too large; especially when turning a long and 
slender workpiece. The first step to take is to examine the lead angle 
used and to reduce it if it is too large. In a great number of instances, 
this will eliminate the chatter completely. When boring with a cutting 
tool having a large lead angle, the reaction’ of the longitudinal force 
against the cutting edge will deflect the boring bar, thus causing chatter 
ог some difficulty in boring the hole to a desired dimension. For 
reason the lead angle on boring tools should be kept small. When boring 
either very беер or small diameter holes, it is best to use a zero degree 
lead angle 


Nose Radius 


‘The nose is an extension of the cutting edges. Its point must be formed 
into a radius in order to prevent the formation of a sharp threadlike 
groove on the surface of the work. When taking a cut, the chip thick- 
ness of the nose is equal to the chip thickness of the side-cutting edge 
at the point where they join. At the point where the nose is tangent to 
the workpiece, the chip thickness becomes zero in magnitude. Thus, the 
chip becomes increasingly thinner as the point of tangency between the 
nose and the work is approached. If the nose radius is large, there will 
be a large area where a very thin chip is formed. When this occurs the 
cutting edge may fail to penetrate the work in this region, thus causing 
it to rub. This is very apt to occur if the cutting edge is dull. Should the 
cutting edge fail to penetrate the work, chatter may be set up or the too! 
will get dull rapidly, in this region. Thus, we have another cause of chat- 
ter, a nose radius that is too large. Hence, reducing the size of the nose 
radius will reduce the tendency to chatter. When finish turning, the nose 
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radius must be made large enough to prevent any formation of thread- 
like grooves that have the form of the nose. If the size of the nose radius 
cannot be increased, the feed must be reduced to obtain a good surface 
finish. The size of the nose radius is then dependent upon the feed rate, 
the surface finish required on the work, and the requirement to prevent 
the occurrence of chatter. It should be pointed out that the life of the 
cutting tool can be adversely affected by a nose radius that is either 
too large or too small. For average conditions when turning, a nose radius 
of Y to % inch is recommended, although larger nose radii can some- 
times be used successfully. 


Tool Holders 
In most cases the cutting tool is clamped in a tool holder; however, 
single-point cutting tools are sometimes clamped directly on the machine. 
The tool holder is made from a less expensive steel than the cutting. 
tool. Tt is heat treated to increase its strength and to resist the penetra- 
tion of the serews which clamp it in place. Although there is a great vari- 
ety of tool holders, only representative examples of commonly used de- 
signs are illustrated here. One common but very effective tool holder for 
holding high-speed-steel tool bits, is shown in A, Fig. 7-5. Cemented 
carbide tips are sometimes brazed on steel shanks as in В, Fig, 7-5. 

Most cemented carbide cutting tools аге in the form of indexable 
inserts, which are also called disposable inserts and throw-away inserts. 
They arc held in pockets machined in the tool holders which nest 
the insert. Three typical indexable insert tool holders are shown in Fig. 
7-6. Each insert has several cutting edges. After a cutting edge has 
become dull, the insert is indexed to bring another cutting edge into the 
position on the tool holder where it can cut. When all the cutting edges 
are used up, the insert is replaced. There are positive rake and negative 
rake tool holders and inserts. А positive rake tool holder is shown at A, 
Fig. 7-7, The positive rake insert must be provided with a relief angle 


Fig. 7-5. А. (Left) Toolholder for high-speed steel tool bits. В. (Right) A cemented- 
Carbide cutting tool with а brazed-on insert. 
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оп the flank, For this reason only the edges on the top face of the insert 
can be used as cutting edges. The relief angle on the negative rake insert, 
shown at B, Fig. 7-7, is provided by the inclination at which the insert 
is held on the tool holder. Held in this position, the flanks of the insert 
сап be perpendicular with both faces and all of the edges on both faces 
can be used as cutting cdges. Therefore, negative rake inserts have twice 
as many cutting edges as comparable positive rake inserts. Another 
advantage of negative rake inserts is that they are stronger than positive 
rake inserts and more able to withstand shock loads, such as encountered 
when taking interrupted cuts. The advantage of positive rake inserts is 
that when eutting, the cutting force is significantly less. When the cutting 
force must be kept as low as possible, as when cutting thin material 
sections, a positive rake insert should be used. Positive-negative rake 
inserts, view C, Fig. 7-7, are held on negative rake tool holder but have 
an effective positive rake angle, provided by a groove on the face of the 
insert. As shown in Fig. 7-8, the groove also acts as a chip breaker. 
Ductile materials produce an unbroken continuous chip. This chip will 
move off from the tool very rapidly when cutting at a high speed with 
cemented carbides, thereby creating а hazard to the machine operator. To 
eliminate this hazard, the chips must be broken into small segments by 
providing a chip breaker on the tool. 
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Fig. 7-7. Orientation of inserts in toolbolder pockets. А. Positive rake insert; B. 
Negative rake insert; C. Positive/ Negative rake meert. 
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‘The methods of clamping the inserts on the tool holder are shown in 
Fig. 7-9. The insert is always placed on а cemented carbide seat which 
rests on the bottom of the tool holder and provides a firm flat bearing 
surface for the insert. A pin, pin-type cam, or a screw holds the scat 
in plaec on the holler. In Fig. 7-9А the insert is elamped by a top clamp. 
When cutting ductile materials, a plate-type chip breaker is clamped on 
top of the insert. The insert at B has a chip breaker groove on the face 
and, therefore, does not require a separate plate-type chip breaker. It is 
clamped to the tool holder by a pin-type cam which fits into the hole 
provided in the insert. By turning the pin-type cam with an Allen wrench, 
the insert is elamped firmly to the seat and against the sides of the pocket. 
Other pin-type clamping arrangements are also used. The tool holder in 
Fig. 7-9 ean be adapted to elamp the insert by both methods, At A it is 
used as а top elamp-type tool holder. At B it is a pin-type tool holder, and 
at C both methods are used simultaneously. 
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Fig 7-9. Methods of lam 
type clamp: C. 


Indexable inserts used to cut serew threads and shallow grooves are 
usually mounted on the side of the tool holder, as shown in Fig. 7-10. А 
tool used for cut-off and for deep grooving operations is shown in Fig, 
7-11. Any of four different heads holding an equal number of different. 
cemented carbide cut-off and deep grooving inserts can be mounted on a 
single shank. A group of typical boring bars used to hold cemented 
carbide indexable inscrts arc shown in Fig. 7-12. Two typical boring bars 
for holding high-speed steel tool bits are shown in Fig. 7-13. 


Tool Shapes 


Many different tool shapes have been successfully used for turning 
operations but only a few of the basic shapes can be shown here. Regard- 
less of the shape of the single-point tool, it must have the optimum tool 
angles that will allow it to penetrate the metal and cut efficiently. This 
section will deal only with the shape of the tool, since the tool angles 
have been described in a previous section. 

High-speed steel single point cutting tools are usually ground to shape 
from solid blanks called tool bits. The basic high-speed steel cutting tool 
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shapes and how they are applied are shown in Fig 7-14 and are deseribed 
below 


A. Turning Tool. This is 


а basie high-speed steel single point cutting. 
tool shape; it is a 


ight-hand turning tool used for both rough and 
finish turning operations. The side cutting edge angle is # 
degre ling a zero degree 
tioned as shown. It is o 


wd angle when the tool is posi- 

з used to turn a cylindrical surface and 

to forma square shoulder at the end of the cut. 

B. The Lead Angle Turning Tool. The lead angle (side cutting edge 
angle) turning tool is one of the most frequently used single point 
cutting tools for roughing and for finishing operations. It may be 
positioned at an angle, as shown at C, to form a sq) 
the end of a turning cut. 


re shoulder at 
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Fig. 7-18. Boring bars for high-speed steel tool bits. 


С. Turning Tool with Chip Control. This tool is used to turn ductile 
materials, which form continuous chips that sometimes have a 
tendeney to snarl, The chip control groove will curl the chip 
and cause it to flow away from the workpiece. There are several 
variations of this tool, one of which does not have the small flat on 
the face of the cutting edge. However, the flat is frequently used 
as it strengthens the cutting edge and tends to inercase the tool 
life. It should be approximately .016 to .047 inch (040 to 1.2 mm) 
wide, The width of the flat and size of the groove depend on the 
material being eut and the feed rate used. 

D. Round Nose Turning Tool. The round nose turning tool is used 
extensively when turning large diameter workpieces; however, it 
сап be used equally effectively on smaller diameter workpiece 
‘The curved side cutting edge is, in effect, a large lead angle allow- 
ing a heavy feed rate to be used, while the large nose radius pro- 
duces a very good surface finish on the workpiece. It is used for 
both heavy rough turning cuts and for light finish turning cuts. 

E. Turn and Facing Tool. This is merely a variation of the appli- 
cation of the turning tool at A, although for this purpose the tool is 
often provided with a slightly larger end cutting edge angle. 
Positioned as shown, it is used to turn a cylindrical surface up to a 
shoulder. When against the shoulder it is fed outward away from 
the workpiece center to take а facing cut—called back facing— 
in order to eut the shoulder perfeetly square. If necessary, a facing 
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cut can also be taken by feeding the tool inward toward the center 
of the workpicee. 

Е, Form Tool. Form tools are used to turn a contoured shape on the 
workpiece, such as the radius in the illustration, 

G. End Facing Tool. This tool is used to face the end of the workpiece 
while it is mounted on a tailstock center (sce also Fig, 8-19). 

Н. Facing Tool. The facing tool shown is used to take heavy facing 
cuts requiring a large amount of stock removal. It has a "hook" 
ground on its face to provide a rake angle to the end cutting edge. 
Sometimes it is provided with a narrow flat on the cutting edge, 
similar to the flat on the tool shown at C. The side flank adjacent 
to the shoulder has a 5- to 8-degree relief angle. 

I. Facing Tool. Actually this is a left-hand turning tool whieh when 
used as shown is sometimes called a facing tool. It is used to take 
heavy or light facing cuts. Having a nose radius it will usually 
produce a better surface finish than the tool at H. 

J. Grooving or Necking Tool, The end cutting edge is the primary 
cutting edge of this tool; the sides have a slight back clearance 
angle to prevent their rubbing against the sides of the groove. 
Wide grooves are cut by taking several plunge cuts into the work- 
piece. The groove ix then finished by taking light finishing cuts 
on the cylindrical surface using the carriage feed and on the sides 
using the cross slide feed. Narrow grooves are cut by a single 
plunge into the workpicec, with the width of the tool being made 
qual to the width of the groove in the workpiece. 

К. Cut-0ff Tool. Cut-off tools, also called parting tools, are used to 
cut off the ends of stock in a lathe. Usually the portion that is cut. 
off а partially or completely finished workpiece. 

L. Boring Tool. Boring tools are used to enlarge holes. There are 
many different styles of boring tools of which the tool illustrated is 
‘one example. Three features of these tools must be carefully con- 
trolled: 1. the end relief angle must be large enough to provide an 
adequate clearance with respeet to the wall of the hole; 2. the nose 
radius should be as small ах possible; and, 3. the lead angle should 
һе small, preferably zero degree for small diameter boring bars, 
‘The nose radius and the lead angle tend to дейст the boring bar 
away from the wall of the hole. They should, therefore, be kept 
as small as possible. 


Figure 7-15 illustrates a group of typical cemented carbide indexable 
insert cutting tools and how they arc applied. When sclecting negative 
rake indexable insert cutting tools it is necessary to know where the re- 
lief angles аге located since the tool can only eut with an edge that has a 
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relief angle. The relief angle on these inserts is provided by holding them 
at а compound angle on the tool holder. There will always be one or two 
edges of the insert that have a negative relief angle. Usually these edges 
are positioned on the body of the tool holder, but not always. The arrows 
on the illustrations show the direction in which negative rake tools will 
cut. Since the relief angles are ground or formed on positive rake inserts, 
they are not a cause of concern if the tool holder is correctly made. Stan- 
dard indexable insert tool holders are designated by a letter symbol that. 
is specified by an American National Standard (ANSI B94.26-1969). 
‘The ANSI designation of the tool holders shown in Fig. 7-15 are given 
by the letter enclosed within the circle. Each tool in Fig. 7-15 will be 
deseribed below on the basis of tbe operations they are performing: 


А. Turning. The G style tool holder illustrated has an offset to allow 
the triangular insert to cut close to chuck jaws or to a large 
shoulder. An A style tool holder is similar but does not have the 
offset, These tool holders have a zero degree lead angle and can 
be used to form a square shoulder following а turning operation. 

B. Turning. The B style tool holder provides a 15-degree lead angle 
and allows a square insert to be used, which has more cutting 
‘edges available than the triangular insert. 

С. Turning. The D style tool holder provides a 45-degree lead angle 
which allows a heavier feed rate to be used. 

D. Тит and Back Face. This operation is used to produce shoulders 
that аге precise with respect to squareness and location. The J 

style tool holder positions the insert to have a negative lead angle; 

ie, it will eut with the nose leading. The procedure used is to turn 
the eylindrieal surface to the shoulder, and then to backface the 
shoulder. If necessary, this tool can also be used to take а light 
facing cut by feeding inward toward the center of the workpiece. 

Тит and Backface. In all respects the operation of this tool is 

identical to the tool shown at D. The insert is diamond shaped 

having an acute angle of 80 degrees. When held on the L style tool 
holder it has only two cutting edges per face available. However, 
this holder holds the insert very firmly and allows a heavier turn- 

ing cut to be taken than is usually possible with the tool at D. 

‘The size of the backfacing cut is dependent primarily on the nega- 

tive lead angle, although on tough materials the L style holder 

will hold the insert more firmly when backfacing. 

F. Turn and Facing. Round inserts provide more usable cutting edge, 
or indexes, per face before they are used up than the other insert 
shapes. Furthermore, the large radius produces a good surface 
finish. When used on the G style tool holder, the round inserts can 
be used to take medium and light turning and facing cuts. 
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С. Facing. The F style tool holder and the triangular insert are used 
to take light and heavy facing euts. 

H. Facing. The К style tool holder utilizes a square insert to take 
Tight and heavy facing euts. 

1, Contour Turning. The diamond insert shown is specifically de- 
signed for contour turning, although other inserts are also used 
for this purpose depending on the shape of the contour. There are 
two types of diamond inserts designed for this purpose: one has a 

15-йертес acute angle while the other has a 55-degree acute angle. 
А J style tool holder is shown; other style tool holders are avail- 
able which hold the insert in a different position. 

J. Cut-Off and Grooving. Cut-off and grooving tool holders do not 
have an ANSI designation. Many different designs of carbide 
cut-off and grooving tools are available (see Figs. 7-10 and 7-11). 

К. Boring. А large selection of indexable insert boring. (Fig. 7-12) 
bars are available. When the lead angle is zero degrees a triangu- 
lar insert is used, as shown. 

L. Boring. Boring bars having а lead angle can utilize square inserts. 
‘The lead angle should be kept small on smaller diameter bars. 


Some very useful single point tool shapes are shown in Fig. 7-16. The 
tool at А, is a combination "rough and finish" turning tool. A small flat 
is ground on the end-cutting edge, which is used to take a very 
finishing or seraping eut, while the side-cutting edge is used to take a 
heavier eut. The width of the flat should be from Из to Ма inch. The 
side rake angle of this tool must be zero degrees. It may be given а 
positive back rake angle up to 10 degrees. A similar tool, having а 45- 
degree, side-cutting-edge angle is shown at B. Either tool can be made 
from high-speed steel or from cemented carbide. The flat of each of these 
tools can be used to take a light finishing cut when desired, although, 
primarily, they are designed to take combined roughing and finishing cuts. 

А broad nose finishing tool is shown at C, Fig. 7-16. When properly 
ground, honed, and applied it will produce an excellent surface finish 
The high-speed steel, broad-nose tool has в deep hook ground on the 
face, which, in effect, gives it a very large rake angle. A small radius is 
ground or honed at each end of the eutting edge. The cutting edge should 
be honed to a sharp edge and a fine finish. Cemented carbide broad-nose 
tools should have a back rake angle from —6 to +15 degrees, depending 
on the hardness of the material being cut. The tool must be positioned 
with the end-eutting edge parallel to the work, as shown in the illustra- 
tion, in order to contact the cylindrical work surface along the tool's 
entire length. It is used with a very light depth of cut which varies from 
approximately .001 to 005 inch. The recommended feed rate is .015 to 
2150 inch per revolution. Sometimes, even heavier feeds are used. The 
lighter feeds generally result in a better surface finish, while the heavier 
feeds result in higher production rates. The cutting speed used with broad- 
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nose tools should generally be lower than recommended for turning tools, 
‘The high feed rates possible with this tool cause it to traverse the length 
of the turned surface much more rapidly than the turning tools; there- 
fore, there is less wear on the cutting edge which results in greater ac- 


curacy when turning long, cylindrical surfaces. The short cutting time, 
and the greater accuracy obtained, make the broad-nose tool very useful 
when turning long, cylindrical or tapered surfaces. 


Grinding Single-Point Cutting Tools 

Single-point cutting tools are generally ground by hand on pedestal 
ог bench type grinders. Some of these are specifically designed to grind 
single-point cutting tools and have a table on which the tools can be 
placed while they are held against the grinding wheel by hand, The grind- 
ing wheel used on these machines is designed for grinding on the side 
of the wheel in order to produce a true plane surface on the workpiece. 
The table can be set at an angle, with respect to the side of the wheel, 
thereby enabling the desired angle to be ground on the tool. Provisions 
are usually made to have a flow of coolant available in order to prevent 
the tool from overheating while grinding. Most single-point, cemented- 
carbide cutting tools are ground on this type of grinder using a diamond- 
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impregnated grinding wheel. High-speed-steel cutting tools can also be 
ground on these machines using an aluminum oxide grinding wheel. 

Most high-speed-steel cutting tools, however, are ground on a simple 
pedestal or bench grinder. The tool bit is held by hand against the periph- 
eral face of the wheel, at the angle required. This method is called off- 
hand grinding and it requires a considerable amount of skill. This skill 
can be acquired by analyzing what is to be accomplished and by 
practice. 

A grinding wheel suitable for grinding high-speed steel should be 
mounted on the pedestal grinder. For this type of grinding a typical wheel 
specification is A-36-0-5-V for rough grinding, and A-60-M-5-V for 
finish grinding. (See Chapter 14, Volume 2, for the meaning of grinding- 
wheel specifications.) The grinding wheel should be dressed во that it is 
straight and that it runs true. Occasionally, it must be redressed in order 
to keep it sharp and true. А dull grinding wheel will cut more slowly and 
ап cause the tool to become overheated. It is desirable to use a grinder 
equipped to supply а flow of coolant over the face of the wheel. If a 
coolant is not available on the grinder, the tool should be dipped in water, 
occasionally, to cool it, It should never be allowed to overheat to the ex- 
tent of becoming discolored as this can cause metallurgical damage which 
will reduce the life of the tool. The most effective way of preventing the 
tool from becoming overheated is to control the pressure used to hold the 
tool against the face of the grinding wheel. A very heavy pressure can 
cause the tool to overheat even if а coolant is used on the machine and 
the grinding wheel is sharp. 

А general-purpose, high-speed steel turning tool is shown in Fig. 7-17 
Starting with a high-speed steel tool hit, the procedure for grinding this 
tool is shown in Fig 7-18, When grinding, the tool bit should be held with 
the cutting edge facing upward so that it ean be scen. Held in this man- 
ner, the grinding wheel will “run on” to the cutting edge instead of run- 
ning off {rom it. This prevents the possibility of chipping and reduces 
the tendency to form a fine almost microscopic feather on the cutting 
edge. All of the angles on the tool should first be rough ground almost 
up to the cutting edzes; then the angles are finish ground and the cutting 
edges sharpened The nose radius is ground last. It is ground by holding 
the tool at the correct angle with а light pressure and then swinging the 
tool hit slowly hack and forth between the side and end flanks. 


Chip Formation 

The three basic types of chips formed in metal cutting are the con- 
tinuous chip, the discontinuous chip, and the segmental chip, Fig. 7-19. 
When the cutting tool first makes contact with the metal, it compresses 
the metal ahead of the cutting edge. As the tool advances, the metal 
ahead of the cutting edge is stressed to the point where it will shear 
internally, causing the grains of the metal to deform and to flow plasti- 
cally along a plane called the shear plane, or roughly perpendicular to the 
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Fig 7-17. General-porpose, high-speed steel turing tool. The sequence of grinding 


this Cool is shown in Fig 7-18, 


face of the tool.” When the type of metal that is being cut is ductile, such 
as steel, the chip will come off in a continuous ribbon, as at A, Fig. 7-19. 
‘The internal shearing action of this type of chip, called a continuous chip, 
causes plastic flow but it does not cause the metal to separate, or fracture; 
the chip escapes by flowing over the face of the tool. The movement of the 
chip over the tool face, under high pressure, does further work to that por- 
tion of the chip in contact with the face. This surface, located on the un- 
derside of the chip, is work hardened and will have a shiny appearance. 

If the metal being cut is brittle, such as gray cast-iron, the stresses on 
the shear plane will eventually, cause the metal to fracture because 
unable to flow plastically as can a more ductile material. This causes the 
chip to break up into particles as shown at В, Fig. 7-19. Such a chip is 
called а discontinuous chip. The formation of a discontinuous chip is 
illustrated in Fig. 7-20. 

‘A segmental chip is frequently encountered when machining ductile 
materials. It is shown at C, Fig. 7-19. When a heavy feed is used, the 
stresses on the shear plane cause the metal in this plane to eventually 
fracture internally. This may be further abetted either by low frequency 
and high amplitude vibrations of the cutting tool or the work, or both. 
The internal fractures will spread to the outside surfaces; however, they 
are also quickly welded together again by the action of the pressures 
existing in this region. The result is a continuous chip that has a file- 
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The views in Fie 7-18 were obtained through the kind cooperation of Mr. Harold D. 
Manning, Chairman, Industrial Arts Dept, and Mr. Paul Vogel, student, at the 
James Е. enor High School, Hennetta, N.Y 
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Fig 7-19. A (Upper left) Continuous chip. B (Upper right) Discontinuous chip. 
C ower left) Segmental chip. D (Lower right) Continuous chip with built-up 


tooth appearance on one side. ‘The side of the chip that passes over the 
tool face is more completely welded together, and is burnished by the 
face so that it has a smooth ap xc. The degree and depth of the 
segmentation of a chip ca ly because of the feed, the cutting 
speed, and the nature of the metal being сш. 

Another phenomenon associated with the formation of the chip is the 
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Fig. 7-20. The formation of a discontinuous chip. (Left) Cutting tool with large 
rake angle. (Right) Cutting tool with small rake angle. 
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of the work material that has been welded onto the cutting edge. It starts 
ош as a small layer that gradually builds up in size by having more work 
material continuously added to it by pressure welding. Eventually, the 
built-up edge enlarges to the point where it becomes unstable and it 
breaks off. When this happens, it may pass off with the chip or it may 
wedge between the work and the cutting edge to score the work surface. 
Tt сап also pluck out small particles of the cutting tool material as it 
breaks off, resulting in a deterioration, or wear, of the cutting edge. When 
the built-up edge has broken off, a new built-up edge starts to form and 
this cycle is repeated. In some eases, the size of the built-up edge be- 
comes quite large and protrudes beyond the cutting edge to score the 
surface of the work while it is still attached to the tool. 

The effect of the built-up edge is to cause the machined surface of the 
work to be rough. The built-up edge is the principal cause of surface 
roughness on the machined surface. Efforts to achieve а good surface 
finish should be directed toward eliminating the formation of the built-up 
edge. It will not form when the cutting speed exceeds a certain critical 
rate which can be easily reached with cemented-carbide cutting tools. 
When these tools are operated above this speed, an excellent surface 
finish is obtained without difficulty. As high-speed steel must usually 
operate below this cutting speed, in order to obtain a good surface finish, 
a cutting fluid is used with high-speed steel tools, to reduce or to eliminate 
the built-up edge. Using a large rake angle, а light feed rate, and having 
а smooth surface finish on the cutting edge will also help. Since the for- 
mation of the built-up edge requires a metallurgical interaction between 
the work material and the cutting tool material, using a cutting tool ma- 
terial that does not reaet with the work material will also reduce or 
eliminate the built-up edge. Industrial diamonds fall into this category; 
they will produce excellent surface finishes; however, their use is re- 
stricted to very light finishing cute. 


Chip Controt 

Chip control is not a problem when cutting metals that form a discon- 
tinuous chip. It is only troublesome when machining metals that form а 
continuous or a segmental chip with high-speed-steel cutting tools. Chip 
control, on the other hand, is essential when forming continuous or seg- 
‘mental chips with cemented-carbide cutting tools. The high cutting speeds 
used cause such a rapid formation of the chip that both the machine 
operator and the equipment are endangered. 

The action of a plate type chip breaker is shown in Fig. 7-21. The 
plate deflects the chip, causing it to curl, and to strike against the flank 
of the tool holder or the chip breaker. When the chip strikes the tool 
holder it breaks off into short lengths which are curled and have an ap- 
pearance like a figure 9. The size of the broken off chips depends on the 
feed rate and the design of the chip breaker. Chip breakers may be ground 
into high speed steel and into cemented-carbide tools to cause the chip 
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Curie of Kennametal Ine. 
Fig ran. 


to curl and break off as described, The three basic types of chip breakers 
are shown in Fig. 7-22. Many cemented carbide inserts for turning ductile 
materials that form a continuous chip have pressed-in chip breakers or a 
chip control geometry that is formed in the insert when it is made. A chip 
breaker plate is not used with these inserts. 


Tool Wear 


All metal cutting tools begin to wear at the instant they start to cut 
Tool wear is unavoidable. However, the rate of tool wear must be kept 
within acceptable limits to obtain a reasonable tool life. Fundamentally, 
tool wear is caused by some very complex mechanical, chemical, and 
metallurgical interactions between the cutting tool material and the work 
material. The visible manifestation of these interactions provides useful 
information in improvi werformance of the cutting tool. They will 
now be described. 

Flank Wear. This type of tool wear pattern is normal and will always 
occur. It cannot be avoided, but the rate at which it progresses must be 
controlled to obtain a reasonable tool life. Flank wear is illustrated in 
Fig. 7-24A. The worn surface on the Bank just below the cutting edge is 
called the flank wear land. It is a very uniform band that can readily be 
seen with a low powered magnifying glass or magnifying mirror. The 
width of the wear land ean be measured with a low powered toolmakers 
microscope, and the progress of the wear as the tool cuts can be shown 
оп a graph, as in Fig. 7-23. When a new tool starts to cut it will wear very 
rapidly during the first minute or two of its operation; this is called the 
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Fig. 7-22, Basie types of chip breakers: а. Parallel, b. Angular, c. Groove type. 


initial or break-in flank wear. While the rate of wear during this period 
is rapid, under normal operating conditions, the amount of wear is not 
usually great. After the break-in wear has occurred, there is а long 
period of time during which the rate of wear is very uniform; ie, the 
width of the wear land inercascs at a uniform rate. The rate at which the 
wear land inereases is primarily affected by the cutting speed, then on the 
feed rate, and least of all on the depth of eut. As the tool cuts, the wear 
land rubs against the work material and the resulting friction ercates 
heat. When the wear land is small, the heat generated by the rubbing. 
‘action is much less than the heat generated in forming the chip; however, 
when the wear land reaches a certain width (approximately 035 to .050 
in, or 089 to 127 mm), the heat generated by the flank wear land in- 
ereases rather rapidly causing the flank wear rate to also inercase rapidly. 
‘Then the combined effect of the heat generated by the flank wear land 
and by the formation of the chip causes the temperature of the cutting. 
edge to rise to the point where the tool material becomes soft and unable 
to cut. At this point a catastrophic failure of the cutting edge occurs. 
Before catastrophic failure occurs, the rubbing action of the wide wear 
land will burnish the workpiece, giving it a shiny appearance. 

The cutting tool should be replaced or resharpened before catastrophic. 
failure takes place. Experience has shown that this should be done when 
the width of the wear land reaches .010 to .020 in. (025 to 050 mm) for 
finishing cuts, .030 in. (0.76 mm) for most medium and heavy roughing 
cuts, and 040 in. (1.02 mm) for extremely heavy roughing cuts, such as 
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Fig. 7-23. Typical araph showing how the flank of à metal cutting tool wears, Higher 
ting speeds cause flank wear rate 1o increase; slower cutting speede reduce fank 
wear tate Insert shows initial, or break-in, wear occurring during hest minute or two 


encountered when turning stecl mill rolls, The length of time that the 
tool will eut before reaching the preseribed amount of flank wear defines 
its tool life. Therefore, decreasing the rate of flank wear will increase the 
tool life, as shown in Fig. 7-23. Flank wear rate and tool life depend on 
the combined effect of the work material, the work material hardness 
and heat treatment, the cutting tool material, the cutting speed, feed, 
and depth of cut. For a given combination of work material and tool 
material, the most effeetive way to increase the tool life is to decrease 
the cutting speed. Next in effectiveness is to reduce the feed rate and 
least effective is to reduce the depth of cut. A coolant-type cutting fluid 
will usually reduce the flank wear rate and increase the tool life. The flank 
wear rate is very sensitive to the grade of cemented carbide used in the 
cutting tool; tool life can be increased significantly by selecting the best 
grade of carbide for the particular application. 

Buili-Up Edge. The built-up edge (Fig. 7-248) is the principal cause of 
roughness on the machined surface. It also damages the cutting edge and 
contributes to tool wear. How the built-up edge forms, grows, and breaks 
off has been described in this chapter under “Chip Formation” and will 
not be repeated here. Very often, when the built-up edge is broken off, it 
will pluck out a piece of the cutting edge to which it has been welded, 
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Fig.7-24. Types of tool wear. 


thereby forming a notch on the flank that may extend below the flank 
wear line giving it a jagged appearance. The voids thus created are 
quickly filled with work material which is welded to the tool material 
and work hardened by the pressure of the cut. Surprisingly, controlled 
tests have shown that on high speed steel tools, the built-up edge may 
actually prolong the life of the cutting tool by "repairing" the damaged 
arcas with work material that is hardened and welded in place. These tests 
show that the tool life may be somewhat erratie; however, the tool life 
is not shortened and may be inercased. Studies have shown that the tool 
‘may cut for periods of time without any increase in the width of the 
wear land. Apparently the built-up edge protects the flank of the tool 
from exposure to wear. 

‘The built-up edge is not а problem when rough turning with high speed 
steel cûtting tools, except when turning certain very soft materials which 
form an excessively large built-up edge. Since it does eause roughness on 
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the machined surface, on finishing cuts steps should be taken to reduce 
or eliminate the built-up edge. For high speed steel cutting tools, the 
most effective means of combating the built-up edge is to use a mineral 
oil base cutting fuid having good anti-weld properties. The rake angle 
оп the tool should be made as large as possible and the surfaces on the 
face and flank should be honed smooth. Unless required to add strength, 
the cutting edge should not be honed round or to a bevel edge; it should 
remain sharp. When cutting with cemented carbide cutting tools, the 
most effective and easiest way to eliminate the built-up edge is to in- 
crease the cutting speed above the speed where the built-up edge will not 
form. For many materials this cutting speed. is approximately 150 to 250 
fpm (45 to 75 m/min.) 

Crater Wear. The combined effect of heat, pressure, and abrasion caused 
by the movement of the chip, and some very complex chemical and me- 
tallurgical interactions between the work material and the tool material 
cause the surface on the face of the cutting tool near the cutting edge 
to erode. When this erosion becomes severe, a crater will form on the 
face near the cutting edge. The severity of the erosion is dependent on 
the work material, tool material, and the cutting speed. A typical crater. 
is shown in Fig. 7-24C, and the progress of crater wear is shown at D. 
The formation of the crater starts a short distance behind the cutting 
edges. As the tool continues to cut, the стает will enlarge, in depth as 
well as spreading out. In time the crater approaches the cutting edges; 
usually it will approach the end cutting edge first. When this occurs the 
end cutting edge will be weakened and will break off in the region of the 
‘rater. Since this is close to the nose of the tool, the nose will fail shortly 
afterwards, With the nose having failed, the failure of the cutting tool is 
complete. This type of tool failure is called crater breakthrough. When 
machining titanium and its alloys the crater forms very close to the side 
cutting edge; thus, the crater will usually break through at the side 
cutting edge to cause tool failure. 

When straight tungsten carbides cut stecl, a crater will form very 
rapidly and crater breakthrough on the end cutting edge will occur in a 
short time. Stecl should always be cut with a crater resistant carbide ог 
with a coated carbide. Straight titanium carbide cutting tools have ex- 
cellent crater resistance, but they tend to be brittle. Crater breakthrough 
can be retarded by using a tool having a small end cutting edge angle. 
If all else fails to prevent excessive cratering, the cutting speed should be 
reduced. 

Notching at the Depth of Cut Line. This form of tool wear is charac- 
terized by a deep notch that forms at the depth of cut line, as shown in 
Fig. 7-24E. The notch is caused by cutting through hard and abrasive 
seale, or by a layer of highly work hardened material. Seale that is 
formed on the surface of castings, forgings, hot rolled stock, and heat 
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treated parts is composed of a variety of oxides that are very abrasive 
and hard. Some materials, such as the austenitic stainless steels, work 
harden very easily when they are machined or cold worked, forming & 
layer of very hard material. High temperature alloys also cause exces- 
sive notehing at the depth of eut line. 

Notching at the depth of cut line is very difficult to prevent when it 
occurs. The most common corrective action is to use a tool having а 
large lead angle or, when this cannot be done, to reduce the feed rate 
Honing а bevel on the cutting edge at the depth of eut line may be help- 
ful, and using а harder grade of carbide may also help. 

Pullouts. Pullouts (Fig. 7-24F) are very small craters that form on the 
face of the tool when machining materials that will readily weld to the 
tool material, such as high temperature alloys. Usually a larger erater 
will also form and the pullouts oceur around the erater. Pullouts will also 
oceur within the erater; however, they will usually be filled with work 
material that is welded in place. Pullouts are caused by particles of the 
chip that are welded firmly to the face of the tool. As the chip contin 
to sweep by, it will literally knock off the welded-on particle, which will 
pluck out a small particle of the tool material as it breaks off, leaving a 
small erater behind. While pullouts must be considered a form of tool 
wear, they are generally not harmful to tool life, except when they еп. 
large the erater or when they occur near the cutting edge. When they 
occur near the depth of cut line, pullouts ean contribute to the formation 
of the noteh in this region. Usually no steps are taken to prevent the 
formation of pullouts. The remedial measures are to decrease the cutting. 
speed and to use a suitable cutting fuid. 

Thermal Cracking. Thermal cracks (Fig. 7-24G) occur when the cutting. 
sone of the tool is rapidly heated and cooled while the adjacent tool 
material is not unduly heated. This causes large differences in tempera- 
ture, or temperature gradients, between adjacent layers of material on 
the tool, which in turn eause the eracks to form. Since the large tempera- 
ture differences do not occur at the cutting edge but a short distance 
away, the cracks will first form a short distance away from the cutting. 
edge. As the tool continues to cut, the eracks will propagate toward the 
cutting edge until it is finally reached. When the eracks reach the cutting. 
edge, the tool will ultimately, but not necessarily immediately, fail. 
Thermal cracking generally occurs when machining at high speeds with 
cemented carbide tools. They may be caused by an interrupted cut or 
when milling, when the tool is alternately heated and cooled. A coolant 
that reaches the hot cutting tool only intermittently can cause thermal 
cracks to form. In this ease a constant coolant supply to the tool must be 
obtained, or no coolant should be used. Thermal cracking may be pre- 
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vented by a large reduetion in the cutting speed. First, however, a 
tougher and more shock resistant grade of carbide should be tried 
Another major cause of thermal етасків is improper tool grinding. Any 
cutting tool ean be severely damaged in this manner before it is used, 
Grinding (thermal) emeks аге caused by pressing the tool hard against 
the grinding wheel, or by using too much infeed. A dull grinding wheel 
may also cause thermal cracks; always use a sharp grinding wheel when 
grinding a tool. Cemented carbides may be damaged by using an incorrect 
type of abrasive; а diamond abrasive is recommended for grinding car- 
bide tools. 
Edge Deformation. When taking a very heavy cut with a cemented car- 
bide cutting tool, the carbide in the cutting zone may be heated to the 
point where it softens and deforms under the cutting load. As shown in 
Fig. 7-2111, this often occurs in the region of the nose. Deformation will 
result in the formation of a large wear land after а very short cutting 
time, Tantalum carbide is added to the tungsten carbide to resist defor- 
mation. Whenever deformation is apt to occur, a grade of carbide con- 
taining tantalum earbide should be used. Sometimes а coolant may be 
used to cool the tool, which helps to prevent deformation. If these pre- 
ventative measures will not help, the feed and depth of cut must be 
reduced. 
Cutting Edge Chipping. This type of tool failure is not always casy to 
recognize because the chipping may be minute, although more massive 
chipping may also occur. Often a ragged wear land will be an indication 
of chipping, as shown in Fig. 7-241. Chipping is the mechanical failure 
of the cutting edge caused by overloading or by inherent lack of strength. 
(Chipping can also be caused by the built-up edge, but this type of 
chipping will not be considered here.) Anything that will strengthen the 
cutting edge will help to overcome chipping, Honing the cutting edge will 
strengthen it and often prevent chipping. This is easy to do on the job, 
or pre-honed inserts ean be purchased when this type of tooling is used. 
Honing too much off the cutting edge should be avoided as this will re- 
duce the tool life. One method is to hone a flat land on the cutting edge 
that is .002 to .005 in. (005 to 0.13 mm) wide and at an angle of 30 de- 
grecs with respeet to the face. Other steps to strengthen the cutting edge 
may also be taken. A softer but tougher grade of carbide, or a high-speed 
steel that does not contain cobalt may be used as a cutting tool material 
‘The relief angle on the tool should be as small as possible. Using a nega- 
tive rake angle is often the most effective way to stop chipping. Chipping 
may not be the fault of the cutting tool. Tt may be caused by machine 
tool vibration, chatter, or а lack of rigidity of the setup. 
Oxidation: Tool wear is caused by abrasion and by complex chemienl- 
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metallurgical reactions occurring at the tool-chip interface and on the 
flank of the tool. It is also caused by oxidation of the heated tool material 
which is exposed to the atmosphere. Oxidation of the tool material may be 
a significant eause of tool weer whenever the tool material is heated to a 
very high temperature, such as when operating at very high cutting speeds. 


Metal Cutting Fluids 


The functions of metal cutting fluids are: 1. to cool the cutting tool as 
a primary function, and also to cool the workpiece; 2. to reduce the heat 
generated by friction through lubrication; 3. to provide anti-weld prop- 
erties in order to prevent welding of the chip to the tool; and 4. to wash 
away the chips. There arc three basie types of cutting fluids: 1. water 
soluble oils; 2. straight eutting oils; and 3. chemical uid 

Water soluble oils, also called emulsified oils, are mixed with water in 
a water-to-oil ratio ranging from 5 to 1 to as much as 50 to 1. The mix- 
ture has an appearance ranging from milky to cloudy, or almost clear. 
Water is the best coolant, but has many disadvantages as a cutting 
fluid, the primary disadvantage being that it causes rust, Soluble oils 
prevent rust, are exeellent coolants, and have a measure of lubricity. 
Additives may be added to soluble oils to enhance their performance and 
to prevent bacterial growth. Soluble oils ean be used for almost all light, 
medium, and heavy-duty machining operations. They ean be used over 
the entire range of cutting speeds, including the higher speeds where 
cemented carbide tools are used. They are not recommended for certain 
severe cutting operations requiring greater lubricity and anti-weld prop- 
erties, Soluble oils are also recommended for almost all precision grinding 
operations. 

Straight cutting oils are made from mineral oil that is usually com- 
pounded with additives to increase their effectiveness. Uncompounded 
mineral oils are sometimes used on very light duty machining operations 
оп aluminum, magnesium, brass, and sulfurized free cutting steels. How- 
ever, in most instances these materials are machined with mincral oils 
having fatty oil additives. Fatty oil additives add lubricity to the cutting 
ой. They are largely composed of lard oil, easter oil, sperm oil, and fatty 
esters. Active additives will react mildly with metal to form an oxide 
film. Sulfur in the base mineral oil is usually not active, but when added 
to the oil it is an active additive. Chlorine is an active additive. Active 
sulfur will not become active until a higher temperature is reached, while 
chlorine becomes active at a lower temperature. Singularly or combined, 
active sulfur and chlorine provide anti-weld properties to the cutting oil 
to prevent the chip from welding and to prevent or reduce the formation 
of the built-up edge, thereby improving the finish on the machined sur- 
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face. Straight oils should be used when the cutting speed is moderate or 
low and on work where soluble oils do not give a satisfactory perform- 
ance. They are particularly recommended on jobs where the chip is 
crowded, such as thread cutting. Straight oils are used on some precision 
grinding operations; however, provisions must be made to prevent the 
vapors from exploding. 

Chemical fluids, also called synthetic cutting fluids, are proprietary. 
chemical compounds to which water is added. There arc two kinds; those 
having а wetting agent and those that do not. Those that do not have a 
wetting agent are restrieted to rough grinding operations, where they 
tend to keep the grinding wheel open and free cutting. Those having а 
wetting agent have some lubricity to allow the machine tool slides and 
other machine parts to function smoothly. Chemical fluids are excellent 
coolants and are recommended for machining operations that аго in the 
moderate to higher eutting speed range. 

In general, cutting fluids should be applied in a continuous stream that 
floods the cutting tool. An intermittant supply on a hot cutting tool will 
likely eause thermal eracks to form on the tool. It is not, however, poor 
practice to apply a cutting fluid manually with a brush or a squirt сап 
whenever the cutting speed is moderate or low. There are many occasions 
in the toolroom or in a job shop where this practice is the most praetical 
method of application. At these speeds the tool is not likely to be dam- 
aged and the application of the cutting fluid is beneficial. 

The only real measure of a cutting fluid is how it performs on the job. 
When selecting а cutting fluid, the cutting speed should be considered. In 
general, when the cutting speed exceeds about 75 to 100 fpm (25 to 30 
m/min) а water soluble oil or a ehemieal fluid should be used. Below this 
speed range, first consider a water soluble oil; then if the job is too dif- 
ficult for a water soluble ой, select a straight cutting oil. 


Estimating the Power Required for Turning 


А knowledge of the power required to perform machining operations is 
useful when planning new machining operations, optimizing existing 
machining operations, and developing specifeations for now machine tools 
to be acquited. The measure of power in customary inch units is the 
horsepower. In SI metric units the kilowatt is the measure of both 
ancehanical and electrical power. The power required to cut a material by 
machining depends on the rate at which the material is being removed and 
by an experimentally determined power constant, Kp, which is also called 
the unit horsepower, unit power, or specific power consumption. The power 
constant is equal to the horsepower required to eut a material at a rate of 
опе cubie inch per minute. In ST metric units, the power constant is equal 
to the power in kilowatts required to eut a material at a rate of one cubic 
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centimeter per second, oF 1000 eubie millimeters per second (1 сш? 1000 
onm). Different values of the power constant are required for inch and 
for metric units, which are related as follows: to obtain the SI metric 
power constant, multiply the inch power constant by 2.73; to obtain the 
inch power constant, divide the ST metric power constant hy 2.73, Values 
of the power constant are provided in Tables 7-9, 7-10, and 7-11. These 
values may ako he used for planing, shaping, and broaching, provided 
they are used with the appropriate formulas. 

‘The value of the power constant is essentially unaffected by the cutting 
speed, the depth of eut, and the cutting tool material, when operating at 
normal cutting conditions, There are, however, factors that do influence 
the value of the power constant and thereby the power required to machine 
the material. These factors include the hardness and the microstructure 
of the work material, the feed rate, the rake angle of the cutting tool, and. 
the condition of the cutting edge of the tool, whether it is sharp or dull. 
Valuesof different harness levels foreach material are given in the power 
constant tables, where this information is available. Feed factors for the 
power constant are given in Table 7-12. In most instances the effect of 
the rake angle can be disreganted. Most of the values in the power 
constant tables are for a positive 14 degree rake angle. Only when the 
deviation from this angle is large is it necessary to make a correction. 
Using a rake angle that is more positive will cause the power required to 
deerease approximately one percent per degree. Using a rake angle that 
more negative will eause the power required to inerease, again approxi- 
ately one percent per degree. Many disposable insert eutting tools have 

ng edge modifications, which have 

the power required 

¢ predicted! without a 
most ground-in chip 


to eut a material 
test of each design. The same 
breaker designs 

‘The values in the power constant tables are for sharp cutting tools 
However, all cutting tools wear as they are being used and are expected to 
continue to cut with wear present on ing edge. More power is 
required to cut as the eutting edge becomes worn. Factors to provide for 
tool wear are given in Tahle 7-13. The extea-heavy duty turning category 
in this table occurs only on certain operations, such as roll turning, where 
the flank wear below the eutting edge is allowed to reach as much as 040. 
ineh (100 mm) before the tool is replaced. On most rough turning opera- 
tions the cutting tool is replaced when the flank wear has reached 030 
inch (0.76 mm). Most cutting fluids will reduce the power required, wh 
operating in the lower range of cutting speeds. It is not possible, howe 
to provide specific power reduetion data for cutting fluids in general 
Ieeause each cutting fluid exhibits its own characteris 

‘The machine tool transmits the power from the de 
cutting tool, where the power is then used to eut the workpiece. How 
efficiently this is done is measured by the machine tool efficiency factor E. 
Average values of this factor are provided in Table 7-14. 

‘The formulas for estimating the power required for tun 


ing are given 
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Table 7-9. Power Constants, K, for Wrought Steels, Using Sharp Cutting Tools 


ваа к, | x 
Material Hardness | Inch | Si Marie 
Number | Unis | Unit 


Plain Carbon Steels 
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All Plain Carton Steels 


Dom 1 


AISI uty, sy st 


Alloy Sees 


suis. 
079617. Mo Mas. Mat. зов 


ISI as o. ам. ais. 46204606. o. Ms. ват 
uo Mas Mas. Myo. 8210 


AISI 130.1595 1340.52 
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Table 7-10. Power Constants, K, for Ferrous Cast Metals, 
Using Sharp Cutting Tools 
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Gray Cast Iron 


Alloy Cast eon 


Table 7-11. Power Constant, K,, for High Temperature Alloys, Tool St 
Stainless Steel, and Nonferrous Metals, Using Sharp Cutting Tools 
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below. Since conditions in different shops. у and machine tools are 
not all designed alike, some variation between the results ealeulated and 
those experienced on the job is to be expected. However, the ealeulations 


do provide a reasonable estimate which will suffice in most practical 
situations, 


‘or inch units only: 


12V 5d 


For 


ietric units only 


а= cn 
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Table 7-12. Feed Factor, C. tor Power Constants 


Tech Uae SI Meri Units 
[Ж] тет 


ЗВЕРЕВ 


Ж 


Анк. 


(78) 
(тэ) 
where: 
Power at the cutting tool; hp, or kW 
Power at the motor; hp, or kW 
Power constant. (Tables 7-9, 7-10, and 7:11) 
Metal removal rate; in.'/uin, or em'/s 
Feed faetor for power constant (Table 7-12) 
Tool wear factor (Table 7-13) 
Machine tool effcieney factor (Table 7-14) 


Cutting speed; fpın, oF m/min 
f= Feed rate; in /rev, or mm/rev 

d= Depth of ent; in, or mm 
Bxample 3 

А 160-180 HB AISI 1040 shaft is to be turned on a geared head lathe. 
The following cutting conditions are used: cutting speed = 325 Пит, or 100 
m/min; feed rate 016 in re, or O40 типте: and, depth of и = 100 iny 
07254 mm. Using both the inch and metrie values separately, estimate the 
power at the cutting tool and at the motor required to take this eut. 


For inch units: 


K,= 78 (From Table 7-9); C=.94 (From Table 7-12) ; W: 
Table 7-13); B= 80 (From Table 7-14) 
9=У/ 


30 (From 
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Table 7-13. Tool Wear Factors, W * 


“Types of Turning Operations 
Operations with sharp cutting tools 
eus) 


ET 


Normal rough and scmi-fiish turning 
Extro-heavy-duty rough turning 
лм» table an alo be wed fr planing sd lapin. 


Table 7-14. Machine Tool Efficiency Factors, E 

"Type of Drive Е Туре of Drive Е 
Direct Bele E] Geared Head Drive E] 
Buck 


For SI metric units: 


K,=2.13 (From Table 7-9) ; C=.94 (From Table 7-12) ; W =1.30 (From 
‘Table 7-13) ; E = 50 (From Table 7-14) 


= a= 80x олох 254=1.69em"/ 

P.=K,C QW ПИЕТЕ 
рева (55x 1341274 bp) 
an fen tf p) 


Whenever much stock is to be removed from the workpiece, cutting 
conditions should be selected that will utilize the maximum power a 
able on the machine tool. The cutting conditions should be selected in the 
following order: 1. select the maximum depth of cut that can be used; 2. 
select the maximum fecd rate that can be used; and, 3. estimate the 
cutting speed that will utilize the maximum power available on the 
machine. This order is based on obtaining the maximum possible tool life, 
while at the same time obtaining as much production as possible from the 
machine. The tool life of a cutting tool it most affected by the cutting 
speed, then by the feed rate, and least of all by the depth of cut. The 
maximum metal removal rate that a given machine is capable of machin- 
ing from a given material is used as the basis for estimating the cutting 
speed that will utilize all of the power available on the machine. 
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Example 7-4: 

А 125 inch deep eut is to be taken on a 200-210 HB AISI 4350 steel 
shaft, using a 5 hp lathe which has a machine tool efficiency factor of 80. 
‘The maximum feed rate for this job is estimated to be 015 in./rev. Esti- 
mate the cutting speed that will utilize the maximum power available on 
the lathe. 


K,= 72 (From Table 7-9); C= 96 (From Table 7-12); W=1.30 (From 


Table 7-13) 
Р.Е 5х 50 

K,CW = 72x 96130 (^ 
45 in/min 


9... 445 
12fd 8х DIX T2 
98 ipm 


(Q=12V уа) 


CHAPTER 8 


Turning on Lathe Centers 


‘The basic operations performed on an engine lathe are illustrated in 
Fig. 8-1. Those operations performed on external surfaces with a single 
point cutting tool are called turning. Except for drilling, reaming, and 
tapping, the operations on internal surfaces are also performed by a 
single point cutting tool. All of these operations are treated in the next. 
seven chapters of this book. This chapter is confined to the class of lathe 
work where the workpiece is supported by one or two centers. 

All machining operations, including turning and boring, ean be classi- 
fied as roughing, finishing, ог semi-finishing. The objective of а roughing 
operation is to remove the bulk of the material as rapidly and as effi- 
ciently as possible, while leaving a small amount of material on the work- 
piece for the finishing operation. Finishing operations are performed to 
obtain the final size, shape, and surface finish on the workpiece. Some- 
times a semi-finishing operation will precede the finishing operation to 
leave а small predetermined and uniform amount of stock on the work- 
piece to be removed by the finishing operation 


Turning on Lathe Centers 


Generally, longer workpicees are turned while supported on one or two 
lathe centers. Cone shaped holes, called center holes, which fit the lathe 
centers are drilled in the ends of the workpiece—usually along the axis 
of the cylindical part. The end of the workpiece adjacent to the tailstock 
is always supported by а tailstock center, while the end near the head- 
stock may be supported by a headstock center or held in а chuck. In 
Fig. 8-2 the headstock end of the workpicce is held in a four jaw chuck, 
while in Fig. 8-3 the workpiece is held in a collet type ehuck. This method 
holds the workpiece firmly and transfers the power to the workpiece 
smoothly; the additional support to the workpiece provided by the 
chuck lessens the tendeney for chatter to occur when cutting. Precise re- 
sults can be obtained with this method if care is taken to hold the work- 
piece accurately in the chuck. 

Very precise results can be obtained by supporting the workpiece be- 
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center and eld һу fourjaw 


holes in the workpiece serve as precise locating surfaces as well ax bearing 
surfaces to carry the weight of the workpiece and to resist the cutting 
forces. After the workpiece removed from the lathe for any 
reason, the center holes will accurately align the workpiece buek in the 
lathe or in another lathe завіса! grining machine. The work- 
piece must never be heli by both a chuck and a 
lathe center. While at first thought this seems like a quick method of 
aligning the workpiece in the chuck, this must uot be done because it is 
not possible to press evenly with the jaws against the workpiece while it 
is also supported by the center. The alignment provided by the center 
will not be mai nd the pressure of the jaws may damage the 
center hole, t s even the lathe spindle. Com- 

on high produe- 
nadie above. These 
iot be used for the same purpose 


pensa 


ordinary three or four- 
re sometimes mounted on two 
istock end by facey 
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Coton of Harkins Brothers In. 
Fig. $3 Turning with workpiece me 


jed on the tailstock center and in a collet 
chuck, 


(sec Fig. 8-5) to obtain the smooth power transmission; moreover, large 
lathe dogs that are adequate to transmit the power nof generally avail- 
able, although they eam be made as a special. Faceplate jaws are like 
chuck jaws except that they are mounted on a faceplate, which has less 
overhang from the spindle bearings than a large chuck would have. 


Preparation of the Workpiece 

Before the workpiece can be placed between centers in a lathe a center 
hole must be drilled in each end. This hole is drilled with a combination 
drill and countersink which is commonly ealled a center drill (see Fig, 
8-6). The conical hole should be drilled deep enough so that a good bear- 
ing surface is provided for the lathe centers; it must not, however, be 
drilled beyond the largest diameter of the center drill. The countersink 
has а 60-degree included angle and the lead drill provides a clearance for 
the lathe center points. The axes of the two center holes must coincide 
with each other so that the lathe centers will scat firmly on the conical 
surfaces of the holes. There are several methods of drilling the center 
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Fig 84 Turning between two centers. А lathe dog is clamped to the workpiece, 
and together they are driven by the driver plate on the lathe spindle nose, 


holes in the work. Three different methods for doing this job will be 
described. 


1. The centers of the end faces of the work are determined by laying 
ош, as described in Chapter 3. A deep, center punch-mark is made 
at the center of each end. A drill chuck is mounted in the headstock 
spindle of the lathe as shown in Fig. 8-7. The center punched hole 
of the workpiece is held against the tailstock center, as shown, and 
the tailstock spindle is advanced in order to feed the other end face 
into the center drill. One hand is used to turn the tailstock hand- 
wheel while the other hand is used to hold the work. The center 
drill is started in the center punch mark and the hole is drilled 
to the correct depth. The work is then turned around and the other 
center hole is drilled. This is an accurate method of drilling the 
center hole when the workpiece is light enough in weight to be 
easily handled. 

2. Short workpieces that can be held in a chuck without protruding 
too far, can be center drilled, as shown in Fig. 8-8. The workpiece 
must be accurately held in the chuck, otherwise the axes of the 
two center holes will not coincide. If the three-jaw universal chuck 
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Pig. 8-5. Measuring the diameter of a workpiece in а lathe. 1 
faceplate jaws at the headstock end. 


vo part is held by 


CHUCK 


Fig. 4. Combination drill and countersik, or center drill, and its application in 
‘centering parts for turning 


does not run true, it is best to use a four-jaw, independent chuck 
that can be adjusted to hold the workpiece concentric within one- 
thousandth of an inch, if desired. This is accomplished by placing 
а dial test indicator against the workpiece and adjusting the 
chuck until the hand of the indicator does not move when the 
lathe spindle is slowly turned by hand. A center drill is placed in 
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Fig. 8-7. Drilling center holes in the ends ога eylindrieal workpiece. 


a drill chuck which is held in the tai 


tock spindle. The tailstock 

spindle is advanced manually to drill the hole to the correct depth, 
is method has the advantage of not requiring a layout to be 
made on the workpiece prior to drilling. 

3. Long workpieces, and those that are too heavy to be held by hand, 
are center drilled as shown in Fig. 8-9. The work is held by a 
three-jaw, universal chuck or by а four-jaw, independent chuck. 
It must be held concentric with the rotation of the lathe. The 
other end of the workpiece is supported by a steady rest. The 
steady rest must be adjusted to support the work so that its axis 
coincides with the axis of the lathe. One method by which this can 
be done is to find the center of the end face of the work by making 
a layout as described in Chapter З A tailstock center is then 
positioned opposite the layout mark which determines this center 
and the steady rest is adjusted until this layout mark is in align- 
ment with the point of the tailstock center. The work can also be 
aligned by using a dial test indicator that is attached to a surface 
gage. The contact point of the indicator is moved over the top of 
the work, and along the side of the work, at each end. When in- 
dicating the side of the work, parallelism between the work and 
the axis of the lathe is obtained by using the finish machined 
vertical sides of the lathe bed аз a reference surface for the surface 
gage. Accurate results can be obtained by using a surface gage 
without an indicator. The point of the surface gage scriber is ad- 
justed to touch the top and side of the work at each end. This 
method is preferred when the work has a rough surface scale 
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Fig. 8:8, Drilling the center hole in the end of а short workpiece by holding it in a 
chuck 


Before the center holes are drilled, a facing eut should be taken across 
the end of the work. This is done as shown at I, Fig 7-14. The work can 
be machined to the correct length by facing both ends, A short spot should 
be turned on the outside diameter adjacent to the end face as shown in 
Fig, 8-9. The spot is turned by cutting just deeply enough to produce a 
cylindrical surface that is concentric with the center hole in the end. The 
purpose of the spot is to provide a reference surface which ean be gripped 
by the chuck and against which an indicator can be placed in order to 
test the concentricity with which that end of the work is held by the 
chuck. The center hole is drilled in each end using the tailstock, as shown 
in Fig. 8-9. 


The Machine Setting 


A part of any machine tool setup is to set the machine to operate at 
the correct cutting speed and feed rate. Most machine tool builders pro- 
vide instruetion plates attached to the machine which provide the neces- 
ion for the operator to adjust the handles and levers so 
that the machine will operate at the desired speed and feed. The proce- 
dure for selecting the correct cutting «peed and for calculating the spin- 
dle speed has been treated in detail in Chapter 7. While the feed rate was 
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Fig. 8 Dril 


ng center holes in the ends of a longer workpiece, 


also treated in this chapter, s further treatment of this subject will be 


helpful 

The feed rate cannot be calculated; it is largely a matter of exercising 
sound judgment based upon experience. All of t 

considered when sclecting the feed: 1. the depth of cut to be used; 
2 the surface finish to be produced on the workpiece and the nose radius. 
of the cutting tool; 3. the type of cut, finishing or roughing; 4. the size 
of the lathe and the power available; 5. the rigidity of the workpiece and 
the cutting tool; and, 6. how securely and rigidly the workpiece is held 
in the lathe. Table 8-1 provides some representative feed rates. It can be 
used as a guide in selecting feeds, based on the size of the lathe. 


following factors must. 


Table 8-1. Guide for Selecting Feed Rates 


dee | mme | inher 
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Preparation of the Engine Lathe 

The engine lathe must be level in two directions in order to produce 
accurate work. If it is not level the bed will have a twist which will cause 
the headstock and the tailstock to be misaligned with the movement of the 
carriage and the cross slide. A precision level that is accurate to 0005 
inch per foot is used to level the lathe. It must be level, parallel and 
perpendicular to the lathe axis at both extremes of the lathe bed. Level- 
ing screws or wedges are provided on the legs of the lathe to level the bed. 
The lathe should be leveled when installed, and a periodic check should 
be made to make certain that it remains level. It is not, however, necessary 
to check this before doing every job. 

If the workpiece is to be held between the headstock and the tailstock 
center the following preparations must be made. The taper in the head- 
stock must be thoroughly cleaned before the center adapter is installed, 
The cleanliness of the headstock taper, as well as the taper of the adapter 
should be checked by using the bare hand or fingers. The presence of 
nieks or small particles of dirt or metal could not be detected through a 
Tag or eloth placed on the tapers; however, they can readily be felt by 
the fingers or the bare hand. All taper fits on any machine tool should be 
checked in this manner. If the taper is dirty, or badly nicked, it will not 
hold and it will not provide the desired accurate alignment of the mating. 
parts. After the adapter has been inserted in the lathe spindle, the head- 
stock center is placed in the adapter using the same care (scc Fig. 8-10) 

The headstock center of the lathe always rotates with the lathe spindle; 
therefore it is called а live center. Tailstock centers may be of the type 
that also rotate with the workpiece; 


rotate without any eccentricity otherwise the two ends of the fini 
workpiece will not be concentric to each other. Such eccentricity cannot. 
be tolerated on precision parts 

To show how this eccentricity can occur, assume that the workpiece is 
held in a lathe between а live headstock center and a dead tailstock 
center. Furthermore, assume that the tailstock center is accurately aligned 
with the axis of the lathe but that the headstock center is not rotating 
concentrically with respect to the lathe axis. The longitudinal fced, guided 
by the ways of the lathe, will cause the path of the cutting tool to be 
parallel to the lathe axis. As this tool cuts the rotating workpiece it will 
produce a cylindrical surface which is concentric to the tailstock center 
and to the center hole in the tailstock end of the workpiece. When the 
workpiece is turned end for end in the lathe, the center hole, which is 
concentric with the first-turned surface, will now be mounted on the 
‘cecentrically rotating headstock center which will cause the first turned 
surface to rotate eecentrically. While the first-turned surface is turning 
eecentrically, the cutting tool will turn the other end of the workpiece 
concentric with the axis of the lathe as before. Thus, the surfaces turned 
at each end of the work cannot be concentric with each other as shown 
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in Fig. 8-11, This ean only be corrected by truing the hi 
so that it rotates concentrically, with respeet to the lathe axis. 

Headstock centers may be made from soft steel or trom hardened steel. 
Soft centers have the advantage of being easily trued by simply turning 
а 60 degree cone point, while mounted in the headstock of the lathe as 
shown at A in Fig. 8-12. The compound rest is positioned at 30 degrees. 
with respect to the lathe axis, and a cut is taken by feeding the tool with 
the compound rest slide. Only very shallow cuts should be taken until the 
cone point of the center runs true. With the compound rest in this рокі 
tion, the cone point of the center will have an included angle of 60 degrees. 
‘This angle must be accurate and should be checked with a center gage ог 
with a precision bevel protractor. 

Hardened headstock centers usually retain their accuracy for a longer 
period. They are trued in a manner that is similar to truing a soft center 
‘except that the cone point is ground with a grinding wheel instead of а 
single-point tool as shown at В, in Fig 8-12. The grinding wheel is driven 
by a tool post grinding attachment which is mounted on the compound 
rest. The depth of cut of the grinding wheel is adjusted with the cross 
feed and the wheel is fed across the cone point of the center by the com- 
pound rest slide. The cone point is ground until it runs true and the in- 
cluded angle is correct. Hardened tailstock centers can be ground in the 
same manner by mounting them in the headstock spindle of the lathe. 

‘The tailstock may be a live center that rotates with the workpiece or 
it may be a dead center that does not rotate. The live tailstock center, 
shown in Fig.8-13, is mounted in precision anti-friction bearings. Live 


Istock center 
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Fig. 8-11, Finish-turned surfaces not concentric: caused by turning cach end with an 
‘cecontecaly rotting live center, 


that the headstock center must run true. This is checked with a dial test. 
indicator. The center is slowly turned, manually, and any movement of 
the indicator hand is noted. If the center does not run true it must be 
replaced. It must be disassembled and reground in order to be trued. Dead 
tailstock centers are always hardened because the cone point acts as a 
ing surface for the rotating workpiece. All the surfaces of the dead 


Another fundamental requirement for turning a cylindrical workpiece 
that is held on the tailstock center is that this center must be aligned to 
coincide with the axis of the lathe. If the work is also held by a center at 
the headstock end, the headstock and the tailstock centers must be aligned 
with each other. If the tailstock center is misaligned, the turned surface 
on the work will be tapered instead of cylindrical. For every .001 inch 
thatthe tailstock center is misaligned in a direction crosswise to the lathe 
bed, the workpiece will be tapered 002 inch in its length. It can thus be 
seen that the tailstock center must be very accurately aligned in a cross- 
wise direction. An error in the vertical alignment of the tailstock center 
is not nearly as critical when turning. For example, to cause a taper of 
.001 inch to be turned in the length of a workpiece that is one inch in 
diameter, the vertical misalignment must be 022 inch; for а 4-inch 
diameter, the vertical misalignment must be .045 inch. The vertical align- 
ment built into precision lathes is within a few thousandths of an inch 
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and the vertical misalignment of the tailstock center is almost never a 
cause of taper unless the lathe is very badly worn. However, a small 
vertical misalignment can cause a straight reamer, which is held in the 
tailstock spindle, to ream a slightly tapered hole. 

А check should be made to determine the accuracy of the alignment of 
the tailstock center before any attempt is made to turn a cylindrical 
surface unless it is known to be in alignment. If the tailstock center is 
notin alignment, steps must be taken to bring it into alignment. There are 
several very precise methods that can be used; these are described later in 
this section. First, however, as a rough check, the tailstock can be moved 
up to the headstock until the two centers are opposite each other and th 
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alignment can be checked visually. If а headstock center is not being 
used, another method of making a rough check is to check the alignment. 
scale at the end of the tailstock (see Fig. 6-20). If a misalignment is in- 
dicated, the clamp bolt should be loosened, and the two adjusting screws. 
turned, until the proper alignment is obtained. 

А more precise check for the alignment of the tailstock should be made 
before attempting to turn an accurate cylindrical surface. The recom- 
mended procedure for checking this alignment is to cut two spots on the 
workpiece as shown at A and B in Fig.8-M. The two spots should be cut 
аз far apart as possible on the workpiece. In the case of a piece of cylin- 
drical bar stock, as shown in Fig. 8-14, one of the 
close to the lathe dog as possible while the other spot is cut at the tailstock 
end. If a casting or forging is being turned, the spots should be cut at each 
end of the longest cylindrical surface to be turned. The procedure for 
making a precision cheek of the alignment is detailed step-by-step below: 

1. Set up the lathe and the cutting tool as shown at A and B, Fig. 
8-14. Check to make sure that the lathe dog will not hit the carriage 
when the cutting tool is close to the dog. Also, check to make sure 
that the cutting tool can be positioned clear of the tailstock end of 
the workpiece in order to be able to cut the spot at that end. Adjust 
the cutting speed and the feed of the lathe. Use a feed of approxi- 
mately 0.005 inch per revolution. 

2. Position the cutting tool approximately one inch to the right of 
the lathe dog. 

З. Start the lathe spindle and slowly feed the cutting tool into the 
workpiece, by hand, until a complete cylindrical surface is being 
turned. Then, engage the longitudinal feed and allow the tool to 
eut as close to the dog as possible, before disengaging the feed. 

4. Withdraw the cutting tool from the workpiece with the cross slide 
and move the carriage until the cutting tool is clear of the tail- 
stock end of the workpiece. 

5. Stop the lathe and measure the diameter of the first spot with a 
micrometer ealiper. 

6. Cut the second spot at the tailstock end so that its length is about 
%4 inch and its diameter is equal to the diameter of the first spot. 
Use the trial eut procedure to turn the diameter to size. Briefly, 
take a short eut and with the spindle stopped, measure the diam- 
eter with a micrometer caliper. Move the cutting tool longitu- 
dinally to clear the end of the workpiece again and then move 
the cross slide inward the distance required to cut this «pot to 
size, as determined by the measurement. Start the spindle and cut. 
the spot to size. 

7. Attach a dial test indicator to the eros slide as shown in Fig. 
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Fig. 8-1. Procedure for aligning 


athe 


n 


id D. The indicator should be graduated to read .001 inch, 


Position the indieator against the first spot at the headstock end 
and move the eross slide until the indicator reads zero. 

With the indieator reading zero, note the reading of the cross feed 
micrometer dial. It is convenient, if possible, to set the micrometer 
dial to read zero at this position since this reading can easily be 
remembered. This position of the cross slide is called the zero 
reference position. All of the indicator readings on both spots are 
made with the cross slide at the zero reference position, ав deter- 
mined by the cross feed micrometer dial reading, 

Withdraw the indicator from the first spot with the cross slide 
and move the carriage until the indicator is opposite the second 
spot at the tailstock end. 

Move the cross slide inward to the zero reference position, as de- 
termined by the cross feed micrometer dial reading. The indicator 
will now touch the second spot. 
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i£ of the dial test indicator. If the reading is zero, 

ck center is aligned and no further work is required, 

13, Tf the indicator reading is not zero, adjust the tuilstock erosswise 
until the indicator reads zero. To adjust the tailstock, loosen the 
clamp bolt (Fig. 6-20) and tura the adjusting serews until the i 
Mlicator reads zero. Then tighten the clamp bolt aud check the indi- 

jentor must read zero with the elunp 
this procedure until the indica- 
tor reads zero with the clamp bolt tight. 

14. Check the alignment again by taking indientor readings on both 
spots with the eross slide at the zero reference position. If neces- 
sary, adjust the tailstock again until the indicator readings on 
the two spots are zero, 


After the spots have both been eut to the xume size, it will not require 
much time to adjust the tailstock into alignment. The «pot at the hea 
stock end should always be eut first heeause it is easier to use the trial 
eut procedure at the tailstock end where the tool ean clear the end of 
the workpiece. 

In the procedure just given, the two spots aet ак gaging or reference 
surfaces, A speeia! test har ean be made having two equal diameter refer 
‘ence surfaces, one at each end. When this har is placed between centers 
in the lathe, the procedure for aligning the tailstock center is similar to 
the procedure just deseribed. Since the two spots do not have to be eut, 
the test bar method is fast, However, on some older worn lathes it is not 
always precise. If the test bar is not approximately the same length ax 
the workpiece, the tailstock will have to be moved along the lathe bed 
after it has been aligned with the test bar. Moving the tailstock from onc. 
position to another on some older lathes will cause the alignment to 
change slightly, but only a slight misalignment will prevent the lathe 
from doing precise work. Remember that for each .001 inch misalignment 
of the tailstock eenter, the taper along the length of the workpiece will be 
vri this amo 

Another method is to eut two spots ax before, except that both spots 
are eut with the cross slide in the same position, as determined by the 
cross feed micrometer dial reading. The two spots are measured with a 
mierometer сабрет and the tailstock ie moved a distance equal to one-half 
of the difference in the measurement. A second cut over the two spots 
must then be taken and both spots measured again to cheek the previous 
tailstock adjustment. This procedure is repeated until the measurements 
over both spots are equal. Since this procedure requires repeated cuts to 
betaken over the spots, it is slower than the others. 
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Fig. 8-18. The corret setup for turning between late centers, 


‘Setting-Up the Work for Turning Between Centers 


‘The correct setup for turning between centers is shown in Fig. 


driver plate is mounted on the spindle nose of the lathe. The driver plate 


mall face plate that is used to drive the lathe dog. 

Lathe dogs are used to transmit the drive from the driver plate of the 
lathe to the workpiece when turning between centers. Several different 
types of lathe dogs used, are shown in Fig. 8-16. The lathe dog is placed 
over the workpiece but is not tightened until later. 

When a nonrotating, or dead, tailstock center is used, a lubricant must 
be used between this center and the workpiece. Although proprietary lubri- 
cants are available, a good tailstock lubricant can be made by mixing a 
small amount of lubricating oil with painter's white lead. No lubricant 
is required if a live tailstock center is used nor is a lubricant used on the 
headstock center. The workpiece is then placed between the centers. The 
lathe dog is positioned with the bent end, or tail, between one of the slots 
оп the faceplate and is clamped to the work. The tail of the dog must not 
bind in the bottom of the driver plate slot, as shown in Fig. 8-17, as this 
will cause the headstock center to become unseated, When this occurs a 
larger lathe dog must be used. The tailstock spindle is adjusted until the 
work seats on both centers, without binding, and the spindle is clamped 
in place. It is important to check this adjustment frequently, during the 
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Fig 8:16. Types of dogs, or drivers, commonly used in connection with lathe work, 


course of the turning operation. When a heavy cut is taken, some of the 
heat generated by the cutting action is absorbed by the workpiece which 
will eause it to expand in length enough to make the centers bind. When 
this occurs, the tailstock center will overheat and, consequently, be ruined. 
When a heavy roughing cut is followed by a light finishing cut, the work 
will lose heat and contract, causing the adjustment of the centers to be 
too loose. A turning tool (Figs. 7-14 and 7-15) is selected and clamped in 
the tool post. The overhang of the cutting edge beyond the tool post 
should be kept to a minimum in order to make the setup as rigid as possi- 
ble. The nose of the cutting tool should be positioned “оп center” or at 
the height of the lathe centers, as shown in Fig. 8-18. The turning tool 
is usually, but not always, held about square with the workpiece as in 
Fig. 8-15. When turning close to the lathe dog or to a large shoulder 
(sce Figs. $-14 and 8-23), or for other reasons, it may be held at an 
angle with respeet to the workpiece axis. 


End Facing with the Work Held Between Centers 


The first operation that is generally performed after the work has been 
set up is to face the ends of the work to length. If the ends have been 
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Fig. 8-17. Dog that is too short for driver plate. 


Pig. 8-18. Correct ver 
tool should always 


he nose of the cutting 
lathe centers, 


faced while drilling the center holes, this operation is, of course, unneces- 
sary. An end facing tool, Fig. 8-19, and С, Fig. 7-14, is placed in the lathe 
tool holder. It is positioned with the nose leading slightly, as shown in 
Fig, 8-19. The end face of the workpiece is rough faced, using the 
longitudinal fecd handwheel on the apron to establish the depth of cut, 
and the tool is fed across the end face with the cross slide. The direction 


сһв TURNING ON LATHE CENTERS 239 


ig 8-19, Procedure for cutting off burr surrounding center hole, using an end facing 
tool, 


of the feed should be outward; ie, from the center toward the outside 
diameter of the workpiece. This operation leaves a sharp, unsightly 
burr surrounding the center hole on the work, which must be removed 
by the finish facing operation 

The procedure for removing this burr is illustrated in Fig. 8-19. The 
‘end-facing tool is positioned near the tailstock center, as shown at А. The 
tool is then moved into the face of the work using the longitudinal feed 
hhandwheel on the apron in order to obtain the depth of eut. The following 
steps must then be taken in rapid onder: 


1. The tailstock spindle is unclamped. 

2. The tailstock center is moved out a very short distance by moving 
the spindle with the tailstock handwheel 

3. Simultaneously with Step 2, the facing tool is fed toward the 
center by manually turning the cross-feed handle. See D, Fig, 8-10. 
‘This procedure will cause the burr surrounding the center hole to 
be cut off 

4. Immediately after the burr is cut off the facing tool is backed out, 
again using the manual cross feed, and the center is repositioned 
in the center hole. 

5. The finish-lacing cut is then completed by facing from the center 
toward the outside, as shown at C. The power cross feed may be 
used to take this cut. 


The work is turned around in the lathe in order to face the second end. 
А simple layout is made before this operation is begun. A line is laid out 
from the finished face of the work to some distance less than the required. 
length of the work, as shown in Fig. 8-20. It is convenient to make this 
distance one inch less than the required length of the work. It would be 
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rodite calipers. These calipers can also be used to seribe layout lines on cylind 
‘surfaces, as shown, 


difficult to scribe a line at the exact length of the work as it would fall 
too close to the existing face. Furthermore, the chips resulting from the 
facing cut might possibly destroy the layout before the facing operation 
is completed. After the layout has been made, the facing operation is per- 
formed, as described above, until the distance from the second face to 
the layout line is one inch, as measured by a rule or by hermaphrodite 


Cylindrical Turning 

As already explained, two types of cuts are normally taken when turn- 
ing; namely, roughing cuts and finishing cuts. In either case, the cutting 
tool is positioned to cut the required diameter by using the trial-cut pro- 
cedure. Since it is so frequently used this method will be described again, 
in greater detail 

‘The cutting tool is first adjusted to take a shallow cut using the cross 
slide to position the tool. Care must be taken to make sure that this cut 
will leave the work oversize. The automatic, longitudinal power feed is 
engaged and a cut, approximately one-half inch in length, is taken. With 
the lathe spindle stopped, the diameter of the work is measured with 
micrometer calipers. The carriage is then moved back toward the tailstock 
in order to position the tool for taking a second cut. Before this cut is 
taken, the cutting tool is adjusted to cut the workpiece to the desired 
diameter by moving the cross slide the exact distance required. This dis- 
tance is one-half the difference between the measured diameter of the 
trial cut and the desired diameter. The distance that the cross slide is 
moved can be accurately determined by reading the micrometer cross-feed 
dial. As explained in Chapter 5, some eross-feed dials are direct rea 
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while others must be moved one-half of the difference between the trial- 
cut diameter and the desired diameter. Since direct reading dials have 
graduations that are equal to а movement of one-half of a thousandth of. 
an inch, this subtraction is not necessary. On direct-reading dials the 
ross slide is moved the required distance by reading the number of 
‘graduations corresponding to the difference in the diameter. It must be 
understood that in either сазе, the cross slide moves the same distance, 
and that the difference is in how the micrometer eross-feed dials are 
graduated. After the cutting tool has been set to take the second cut, the 
longitudinal feed is engaged and another one-half-inch-long cut is taken. 
‘The resulting diameter is measured. If the diameter of the work is to size, 
the longitudinal feed is engaged and the cut is taken to the required length. 
Tt is sometimes necessary to take several trial cuts before the desired 
diameter on the work is obtained. 

‘The entire workpiece should be “roughed out" before taking any finish 
cuts by taking one or more roughing cuts on each diameter that is to be 
turned. The roughing cuts should leave the diameter of the workpiece 
oversize а predetermined amount, which in general practice, may vary 
from approximately .020 to .060 inch. Shoulder lengths should be left 
short, or "undersize," in order to provide metal for the finish-turning. 
operation. This amount is usually, approximately, .015 to 030 inch. 

The finishing cut is often taken with the same cutting tool as was used 
totake the roughing cut. This procedure requires fewer changes of cutting 
tools, It is sometimes best, however, to use a separate tool for finish turn- 
ing since less tool wear then occurs. The separate finish-turning tool, hav- 
ing less wear than the roughing tool, will frequently produce a better 
surface finish. Sometimes special tools, such as shown in Fig. 7-16, are 
used for the finish-turning operation. The trial-cut procedure is used to 
obtain the finished diameter on the workpiece. When finish turning, great 
сате must be exercised in the performance of this procedure so that the 
work diameter is not cut undersize. The final finishing cut should not be 
taken until the lathe operator is certain that the cutting tool is set to cut. 
the work to the desired diameter. 

‘The cutting speed for finish turning can usually be faster than for rough 
turning because of the decrease in the depth of cut; however, not all lathes 
сап be adjusted to obtain this speed differential. Cemented-carbide cut- 
ting tools should be operated at a cutting speed that is fast enough to 
produce a good surface finish. When these cutting tools are operated above 
a certain eritical cutting-speed range, an excellent surface finish can easily 
bbe obtained. This critical cutting-speed range is dependent on the grade 
of earbide used and the nature of the work material. In general, it is in 
the range of 150 to 200 fpm. When slower cutting speeds must be used, 
the surface finish obtained can be improved by using a good cutting fluid 
and by using a cutting edge that is in good condition. This usually means 
that the cutting edge must be replaced before excessive wear has taken 
place. 
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Sometimes, filing and polishing are used to obtain a smooth finish on 
parts that have been turned in a lathe. The file that is generally used for 
lathe work is a single-cut, bastard file of “mill” section. The amount of 
metal that is left for filing should be kept to a minimum. It is difficult to 
file a part round, in a lathe. In general, filing should be avoided except 
to “break” sharp corners of shoulders. An abrasive cloth may be used to 
obtain а smooth surface by pressing it against the rotating workpiece. A 
rather smooth finish can be obtained by using the finer grade of abrasive 
cloth. Polishing straps are sometimes used when polishing large diameters, 
A polishing strap is shown in Fig. 8-21. The two ends of the polishing 
strap are held together with a piece of leather belting. 

Figure 8-22 illustrates a digital readout system that can be adapted 
to engine lathes. This system reduces the time and effort required to set 


the cutting tool in order to turn the work to the required diameter and 
length. The cutting tool is set against. d face, and the digital display 
for the longitudinal feed is set to zero. A short trial cut is taken and the 


diameter is measured with в micrometer caliper. The digital display for 
the cross slide is then set to read the diameter of the trial cut, From then 
‘on, the position of the point of the cutting tool—with respect to length 
and diameter—will appear on the digital display. Thus, the lathe operator 
сап set the cutting tool to eut the length and diameter wanted, by observ- 


Fig 821. Turning and polishing large-diameter workpieces Note the polishing straps 
wed to polish large diameters on the lathe at the left, The abrasive cloth is enclosed 
in the device that looks like a large auteracker. 
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ing the dimensions displayed on the digital display without taking any 
further trial cuts. For accurate work, of course, roughing cuts should be 
followed by a light finishing cut to minimize the effect of deflections 
caused by the heavy roughing cuts 


Shoulder Turning 
‘There are three steps in shoulder turning: 


1. Locating the shoulder on the work 
2 Turning the smaller diameter to size 
3. Facing the shoulder to length. 


‘The length of the shoulder can be laid out using a hermaphrodite caliper 
as shown in Fig. 8-20. A scratch, or mark, made with the point of the 
cutting tool can also be used to mark the location of the shoulder. Often, 
the location of the shoulder is measured as the cut progresses, using a 
steel rule or a hermaphrodite caliper. A groove cut with a necking tool, A, 
Fig. 8-23,can serve to locate a shoulder. 
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Fig. 8.28. Procedures for turing shoulders 


Several methods of turning shoulders are illustrated in Fig. 8-23. At A, 
а groove is first eut with а necking tool in order to establish the length 
of the shoulder. The small diameter is then cut to size by one or more 
cuts with the turning tool. When this method is used, all of the required 
shoulders are "blocked out,” and the adjacent cylindrical surfaces are cut” 
to size. This method does have a disadvantage, in that two tools need to 
be used. On slender workpieces a very slow feed is necessary to cut the 
grooves in order to avoid the occurrence of chatter. A faster, and even 
simpler method of cutting a shoulder is shown at B. The cutting tool is 
positioned to have a zero-degree lead angle. The shoulder is formed by 
the cutting edge when turning the smaller diameter. Shoulders turned in 
this manner are not necessarily perfectly square. When a shoulder must 
be square the method illustrated at recommended. Usually the 
shoulder is first roughed out using either of the two previous procedures 
‘The tool is then reset with the nose leading, as shown at C. It is set to 
cut the small diameter to size, using the trial-eut procedure. The mierom- 
eter cross feed dial reading used to take this cut, is noted. When the tool 
approaches the shoulder the automatie-power longitudinal feed is dis- 
engaged and the nose of the tool is fed by hand, longitudinally, into the 
shoulder. When it has penetrated the shoulder enough to take a light cut, 
it is fed out using the cross slide. The length of the shoulder is then 
measured, and the tool is moved longitudinaily, just enough to remove 
the excess metal from the shoulder. It is then fed into the work with the 
cross slide. When it approaches the corner of the shoulder it is carefully 
fed by hand, until the reading of the micrometer cross-feed dial is the 
same as was previously noted. In this manner the tool will not undercut 
the corner and a smooth blend can be obtained between the shoulder and 
the previously turned diameter. It is sometimes an advantage to turn the 
compound rest 90 degrees, for this operation. In this position, the com- 
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pound-rest slide will move parallel to the longitudinal feed, and it can 
be used to set the depth of cut for the final finishing cut on the shoulder. 
Very accurate shoulder lengths ean be obtained using this method of set- 
ting the tool. A micrometer carriage stop, Fig. 6-23, if available, can also 
be used to obtain accurate shoulder lengths. This same procedure can be 
used to cut a shoulder having a sharp corner, as shown at D, Fig. 8-23, or 
to cut a radius in the corner, as shown at E. The tool, at D, must be 
ground with a flat on the end-cutting edge in order to finish turn the 
small diameter, otherwise it will cut threadlike grooves on this surface. 
Very large radii are cut using a large forming tool that is similar to the 
tool at E. The corner is first blocked out using а turning tool, such as 
shown at В. It is sometimes faster to block out the corner with a facing 
tool, as shown at F. The corner radius is finished by touching the finished 
surface at the small diameter without penetrating this diameter with the 
radius-forming tool. This can be done if care is exercised. The reading of 
the micrometer cross-feed dial is noted when the radius forming tool is in 
this position. The radius is then cut, as shown at E, with eare being taken 
at all times not to move the micrometer cross-feed dial beyond the setting 
noted above, A heavy-duty cutting oil, or white lead mixed with oil to a 
thin consistency, should be used as a lubricant when performing this 
‘operation in order to obtain a good surface finish in the radius, The cut- 
ting speed should also be greatly reduced when using the large radius 
form tool. 


А mandrel is а work-holding device that is pressed into a finished 
machined hole of a workpiece in order to rotate the workpiece accurately 
about the axis of the hole, while the mandrel is held between the lathe 
centers. Standard mandrels are made from hardened and ground steel 
They have a taper of .006 inch per foot. The size of standard mandrels 
is always marked on the large end. A thin film of oil should be placed 
оп the mandrel before it is inserted into the hole. The small end of the 
mandrel should be inserted into the hole and the mandrel pressed in until 
it is tight. If hammer blows are used for this purpose, the end of the 
mandrel should be protected with a piece of soft metal or hard wood. The 
best practice is to insert the mandrel into the hole with an arbor press. 
Two examples of the application of mandrels are shown in Fig. 8-24 
In the upper view, the outside diameter of the bushing is turned to size 
and is concentric with the bore that has previously been finished to size. 
In the lower view, the small cast-iron wheel, having a finished hole 
through the hub, is having the outside diameter turned concentric and 
the sides faced perpendicular to the axis of the hole. If a comparatively 
large pulley is mounted on the mandrel, it must be driven directly by 
pins attached to а faceplate and engaging the pulley arms in order to 
prevent the pulley from turning on the mandrel when taking a cut. 
Some special mandrels are shown in Fig. 8-25. A nut mandrel is shown. 
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Fig #24 (Upper Diagram) Bushing mounted on a mandrel for turning, (Lower 
Diagram) Turning а pulley held on a mandrel. 


at A. Often, this type of mandrel is made by chucking a piece of serap 
stock and turning it to the size required to fit the threads on the work. 
‘Thus, the threads are concentric with the rotation of the lathe spindle and 
апу thread mounted on this mandrel will likewise rotate concentrically 
with the lathe. Nuts and other threaded workpieces can have surfaces 
turned concentrically, and faces turned perpendicularly, with respect to 
the threads that are held by the nut mandrel. Gang mandrels, shown at 
В, can be used to hold two or more parts between centers in a lathe. Cone 
mandrels can be used to hold large diameters. А cone mandrel can be 
scen at C. Expanding mandrels, D, consist of a slotted sleeve that has a 
tapered hole which fits onto а tapered shaft. When the shaft is forced 
onto the sleeve, the taper forces the sleeve to expand and to tighten inside 
the hole of the workpiece. An expanding mandrel is shown in Fig. 8-26. 
Steady Rests and Follower Rests 

One of the most useful lathe accessories is the steady rest shown in 
Fig. 8-27. The purpose of the steady rest is to support long, slender parts, 
in a lathe. The additional support given by the steady rest reduces the 
deflection of the workpiece caused by cutting forees; thereby, the accu- 
racy of the work is improved and the tendency for chatter to occur is 
reduced. On very long and slender workpicces a steady rest is sometimes 
required just to keep the workpiece from sagging under its own weight. 
The steady rest may be used to support workpieces that are held between 
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Fig 828. (a) Nut mandrel; (h) Gang mandrel; (e) Cone mandrel; (d) Expanding 
"mandrel 


centers (Fig. 8-27), with one end held in a chuck and the other on the 
tailstock center (Fig. 8-28). In order to leave the end face free for 
machining, one end is held in а chuck while the other end is supported 
only by the steady rest (sce Figs. 8-9 and 6-24). 

The steady rest is composed of a frame containing three movable jaws 
which form a three-point bearing The frame is hinged on one side to 
allow the upper half to swing back for inserting or removing the work, 
‘The base of the frame fits on the ways of the lative bed and is secured to 
the bed with a clamp. Before applying the steady rest, it may be ncees- 
sary to turn a true surface, or spot, on the workpiece in order to provide 
a bearing surface for the jaws of the steady rest. The spot is turned by 
а tool having a small nose radius and а O-degree lead angle. The spot is 
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sometimes polished with an abrasive cloth. The jaws should be carefully 
adjusted against the workpiece. For very accurate work, a dial test inci 
cator is positioned on the workpiece 180 degrees opposite one of the 
lower jaws. This jaw is brought against the work until the indicator 


shows a deflection of а few-thousandths-of-an-inch. The jaw is then carc- 
fully backed off until the indicator inal reading, The 
second lower jaw is adjusted by the same procedure. The top jaw is then 
brought down on the work and adjusted so that the work will turn freely, 
but without play 

‘The surface against which the jaws are brought to bear should be kept 
well oiled. If the jaws are required to bear against a finished surface, 
this surface should be protected by placing a strip of leather belting, or 
а strip of abrasive cloth (with the abrasive side out) between the jaws 
and the work. The steady rest must be located where it will not inter- 
fere with the turning tool. In some cases this may require the steady rest 
to be moved to another position after turning one section, 

Sometimes, a long cylindrical surface must be turned on a workpiece 
so that there is no room to place the stcady rest without interfering with 
the cut. In such instances a follower rest, Fig. 8-29, must be used to sup- 
port long, slender workpieces against deflections, The follower rest is 
similar to the steady rest except that it has only two jaws and it is 


turns to its 


Ch. 8 TURNING ON LATHE CENTERS. 249 


 Leblond Machos Tol Co. 


4 used to support a slender part that is held between centers 


attached to the carriage. The jaws are adjusted to the finished surface 
after a short cut has been taken. The follower rest then moves along be- 
hind the cutting tool for the remaining length of the cut. 


Kourling 


А knurled surface is a raised surface, usually with a diamond-shape 
pattern, which is formed to produce an ornamental effect or to provide a 
nonslip or gripping surface. This pattern is formed on the surface by a 
knurling tool such as is shown in Fig. 8-30. This tool has three pairs of 
rolls which can be made to produce a fine, medium, or a coarse-pitch 
knurled surface. The rolls, or knurls, are made from hardened steel and 
each knurl has a series of teeth or ridges that incline to the right on one 
knurl and to the left on the other. When the two knurls are pressed into 
the work as it slowly rotates, one knurl forms a series of left-hand ridges 
and the other a series of right-hand ridges which cross, to form the dia- 
mond-shape pattern. The knurled surface is formed by the high local 
pressures produced by the knurls which cause the metal on the surface 
of the work to flow, or extrude, in an action which is similar to center 
punching. Knurled surfaces with a single groove are sometimes made, 
although the diamond pattern is the most common on machine parts. 
Several different kinds of knurling tools are also used. Some knurling 
tools are designed to reduce the load, which can be very high, on the 
eross-feed screw and nut. 
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Fig, 8:28. Large steadyrest used к 
between centers on. 


port lone workpiece held in a chuck and 


Fig, 8-20. Follower rest used to support slender workpicces provides support for 
ewig entre length without stopping. 


‘The knurling operation is performed by clamping a knurling tool in the 
toolholder and aligning it so that the knurls are parallel to the surface of 
the workpiece. The lathe should be set to operate at a very slow speed 
and a plentiful supply of lubricating oil should be placed on the surface 
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Fig 8-30. Knurling to provide a sip-ree surface. 


to be knurled, The knurling operation should be started, if possible, with 
about one-third or one-half of the knurl in contaet with the surface to be 
knurled. The knurl is then fed inward, using the cross feed, until а well- 
formed knurled surface is visible on the surface of the work. If a fine knurl 
is being made it may be desirable, at this point, to feed the knurl into the 
full depth. On harder materials and coarse knurl patterns, the initial feed 
should not be to the full depth unless the width of the knurled surface 
оп the work is less than the knurl rolls, in order to prevent an excessive 
load from occurring on the eross-feed screw and nut. If the surface to be 
knurled is wider than the knurls, the power longitudinal feed of the lathe 
should be engaged and the knurling tool is traversed back and forth, 
feeding it inward before cach passage, until the full depth is reached 
The knurls should never be allowed to lose contact with the work until 
the job is finished. The correct depth is obtained by observing the pat- 
tern of the knurl on the part. 


CHAPTER 9 


Chucking Work 


There are many different designs and types of chucks used in а machine 
shop. For example, there are drill chucks for holding straight-shank twist 
drills, magnetic chucks, vacuum chucks, ete. The four-jaw independent 
chuck, the three-jaw universal chuck, and collet chucks are commonly 
used in the engine lathe to clamp workpieces and hold them in alignment 
for the performance of chucking operations which includes turning, facing, 
thread cutting, drilling, boring, reaming, and eut off. Short workpieces are 
held only by the chuck, while longer ones are given additional support. 
by the tailstock center or by a steady rest. 


Mounting the Workpiece in а Three-Jaw Universal Chuck 

A detailed view of a three-jaw chuck is shown in Fig. 9-1. The work- 
piece is placed in the chuck jaws and the jaws are closed by turning bevel 
pinion С, with the chuck key. The bevel pinion engages the gear teeth on 
the back of the seroll В, which turns inside of the chuck body D. The 
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Courter of the Buck Tol Company 
Fig. 941. Details of a 3-jaw, Adjust-Tra, universal scroll chuck. 
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chuck jaws А, engage the threads on the seroll. When it rotates, the jaws 
move in the slides that are machined onto the face of the chuck body. 
Each slide and jaw is numbered, for each jaw must be assembled into its 
corresponding slide by always starting with jaw number 1, then number 2, 
and finally, number 3. The back plate, or mounting plate, F, contains the 
mounting used to hold the chuck on the lathe spindle nose. In this illus- 
tration a threaded mounting is shown. 

Because of the clearances required to allow this mechanism to operate 
without binding and because of wear, three-jaw chucks do not always 
hold the workpiece accurately in terms of a few thousandths of an inch. 
In many cases this is good enough; however, when greater accuracy is 
required the jaws must be ground true while in the chuck body; a difficult 
procedure to perform. This can be avoided with the chuck shown in Fig, 
9-1. A fine adjustment of the chuck is provided that is independent of the 
chuck jaws. Four opposite socket-head serews, G, work on pressure plugs, 
H, that contact surface, F, of the back plate in order to shift the com- 
plete chuck and work into alignment. The work is placed in the chuck, 
Fig 9-2, and tightened with the chuck key by turning pinion C. A dial 
test indicator is used to check the concentricity of the work, Any eccen- 
tricity can be rapidly removed by adjusting opposite pairs of socket-head 
screws, G. No further adjustment of the socket screws is required when 
chucking duplieate parts. 

The basic methods of holding the workpiece in both threc- and four- 
jaw chucks are illustrated in Fig, 9-3. Larger workpicces are held on the 
outside diameter by reversing the chuck jaws, as shown in view B. To re- 
verse the jaws on a threc-jaw universal seroll-type chuck requires a sepa- 
rate set of jaws, or the two-picee type jaws which are keyed and bolted 
together. Two-piece type jaws are shown on the chuck in Fig. 9-2. The 
jaws on four-jaw independent chucks can be inserted into the chuck body 
їп either of the two positions show in Fig 9-3. 


Mounting the Work in a Four-Jaw Independent Chuck 

The four-jaw independent chuck is a very versatile chuck with a wide 
range of applications on engine lathe work. Each jaw works independently 
by means of a separate serew turned by the chuck key. Parts can be 
held firmly and, И required, very accurately, in this chuck. The accuracy 
with which a part can be held is dependent entirely on the condition of 
the surface on the work that is used to test the concentricity. А rough-cast 
surface that is not round, obviously cannot be chucked to “thousandth,” 
because no reference surface exists to prove the truth of the position of 
the part. Cold-drawn and machined surfaces, on the other hand, can be 
indicated into position within “thousandths,” using a dial test indicator 
as shown in Fig. 9-5. When the procedure is understood, four jaw chucks 
can usually be adjusted accurately within minutes. 

‘The chuck jaws should be opened just far enough to admit the work- 
piece by observing the position of each jaw in relation to concentric 
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Fig 9-2 Making a fine adjustment to remove eccentricity on workpiece on a 3-м, 


Те universal scroll chuck 
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Fig, 0.3. Schematic drawing showing tbe baie methods of hold workpiece in 

botistrcesisw independent неко and fo i^. Only fwo chek 

jaws ate shown for illustration purposes. Any set of siepe om the jaws ran be wed 
то hold parts 
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grooves that are machined into the face of the body. The jaws are then 
closed to hold the work lightly. The shank end of a tool holder, or a piece 
of metal that is resting in the tool post, is placed against the work— 
opposite опе of the chuck jaws—as shown at A, Fig. 9-4. The tool holder 
must not be clamped tightly in the tool post as it must be able to be 
pushed aside with little effort. The chuck is then turned manually. The 
high spot on the work pushes the shank of the tool away resulting in an 
opening, D (shown in B, Fig. 9-4). This occurs when the low spot is 
opposite the shank. All effort should first be made to adjust the jaw with 


Fig. 9-5. Using a dial test indicator to test the concentricty of a workpiece heid in 
э taw independent chuck, 
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the largest opening between the shank and the work, and its opposing jaw, 
until the openings opposite these two jaws are equal. The other two jaws 
then are adjusted likewise. Finally, the fine adjustment is made again, 
first by adjusting two opposing jaws, then the other pair of opposing jaws. 
When the reference surface used to check the concentricity is a finished 
surface, it should finally result in work that can be rotated without any 
light showing between this surface and the shank. For very accurate work 
а dial test indicator can be used in place of the tool shank in making the 
fine adjustment. (See Fig. 9-5.) The dial test indicator should not be 
used to check a rough surface. The contact point of the indicator should 
be used only against a finished surface. Sometimes a hole in a workpiece 
must be made to run true in а chuck. This is done by indicating inside 
the hole, as shown in Fig. 9-6. In this case the indicator is held by a 
magnetic base. 

Some parts held in a chuck will tend to show endwise eccentricity or 
wobble in addition to radial eccentricity. In some cases this can be cor- 
rected by placing the work against the face of the chuck jaws or chuck 
body. When this eannot be done, the shank of the tool holder, o a piece 
of steel, is used against the face in a similar manner as for centering the 


Courter of The L. 5. Starrett Company 
Fig 9-6. Using a 


test indicator to test the concentrieity of a hole located in 
а workpiece held n арм chuck. 
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work radially. In this case the high spots are found which are then 
tapped back with light blows from a soft hammer. The fine adjustment. 
сап be checked by using а dial test indicator. The contact point of the 
indicator should not be in contact with the workpiece when it is being 
tapped into adjustment with the hammer, in order to avoid damage to 
the indicator mechanism. Very large four-jaw chucks have radial T-slots 
spaced between the chuck jaws. Studs which extend an equal distance 
from the face of the jaws can be fastened in the T-slots, and the parts 
being chucked can be positioned against the end of these studs, thereby. 
obtaining endwise alignment. 

The workpiece is sometimes deliberately mounted eecentrically in the 
four-jaw chuck in order to turn a surface which is eccentric with respect 
to another surface. (See Fig. 9-7.) The flexibility of the four-jaw chuck is 
clearly demonstrated in this operation. It is, perhaps, the most versatile 
and useful work-holding device for enginc-lathe work 


Mounting Work in Collet Chucks 


Spring collet chucks are highly accurate chucks. They should be used 
to clamp on finished surfaces that are accurate to within a few thou- 


сез of the Санино Division of the Aas Press Company 
Fig 9. Work held eccentrially in а 4-де independent chuck. 
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sandths of an inch of the size of the collet used. The spring collets exert 
an even and uniform pressure around the workpiece, which minimizes the 
distortion of thin-walled parts, Figure 9-8 shows a group of spring collets 
used to hold round, square, igon-sbaped workpieces. A draw-in, 
bar-type collet chuck is shown in Fig 9-9 А special eollet adapter is 
inserted in the spindle nose and the collet is inserted in the adapter. The 
draw-in har is inserted in the rear of the spindle. When the draw-in bar 
is turned, it draws the collet into the spindle by the action of the threads. 
‘The taper on the adapter (corresponding to the taper on the eollet) causes. 
the collet to close as it is pulled into the spindle by the draw-in Баг, All 
of the surfaces of the spindle nose, the adapter, and the collet must be 
clean since even the smallest particle of dirt or foreign substance will 
cause the workpiece positioned inside the collet to be held inaccurately, 
A spindle nose type collet chuck is shown in Fig. 9-10. This chuek can be 
obtained to fit onto cither a threaded eam lock or a long-taper spindle 
пове, The collet is inserted in the front of the chuck and pulled back 
against the taper to permit closing the jaws by turning the handwheel 
As it is not necessary to reach behind the spindle to elose the chuck, a 
saving of time and effort results, 

‘The diameter of the workpicec held in a spring type collet should be 
within approximately = 005 in. (20.13 mm) of the diameter for which 


the collet is made. Figure 9-11 illustrates what happens when the work- 
piece is too large or too small. The collet will not grip the workpiece 
holding surfaces whieh, as a result, 


execpt at the ends of the e 


Fig. 9-8 Spring collets for holdi 


Courter of Hardinge Brother Ine. 
diferent work shapes. 
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пей, 


There are other types of collets whieh are weed on engi 
though th m nber of like parts 
to he machined. (ne such collet is the Мер chuck, shown in Fig. 9-12. 
step chuck eaneiete of «closing ring, whieh fite on the Inthe spindle, and 
а eek or collet, whieh clones 1 of the work- 
piece, The chick or collet ix made of unhardenee! steel, which i» bored out 
on the joh to the siam 1 depth required to fit the workpiece. Before 
horing the elwek, pine («cc Pig. 9-1 inserted in holes located in the 
slits. The pins limit the amount that the ehuek will close when drawn 
tight in the closing ring The chuck i= then bored to the require diameter 
au slepth; the diameter «houl be 0005 in, (0.013 min) lese than the size 
of the part to he held. After the ehuek las bee 
removed ам be held, а= shown in Fig, 9-13. The part 
in this illus ng un ontinary turning tool; 
however, the side relief angle of the tool mist be lane enough to prevent 
the fank of the tool from rubbing against the hore. Some regular coll 
are made from a soft metal «o that they ean be bored to а size for which 
there is no stamland collet. A soft collet is illustrated in the upper right. 
lod view of Fig. 9-8, whieh shows the pins wed when the collet is bored. 
to size. 

Another type of collet is the ex} 


lathes, 


ly when a n 


to hold the outside ане 


1 bored to size, the pins are 


the workpieee e 


ration i being counterhorest 


ling collet, which is designed to hold 
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(——M 
Fig. 9-10. Spindle-nose type collet chuck 


vanding inside of a hole in the workpiece. А taper pin or a tapered 
expanding bolt is used to expand the collet. While these collets are gen- 
erally round, they ean also be made to other shapes such as square, 
hexagon, or threaded 
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Fig, 0-11, Effect of holding oversize and undersie workpicces in а spring collet. A 
Workriece oversize; B. Workpicee undersiz 


Fig. 9-12 Step chuck, showing closing ring and collet, which is usually called “the 
ps 
Collet-Chuck Work 


Collet chucks are used to hold finished surfaces only. This, however, 
сап include raw cold-drawn or centerless ground bar stock. The bar stock 
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can be placed inside of the headstock spindle with enough material pro- 
truding outside of the collet to make the required part. The finished part 
is then еш off with a cut-off tool. Collet chucks arc frequently used for 
second chucking operations. The part is first finish-turned on onc end. 
It is then turned around and the finished end is held in the collet chuck 
while the other end is turned to size. A turning opeartion with the part 
held in a spindle-nose type collet chuck is shown in Fig. 9-14. Note that 
the compound rest is set at 90 degrees so that the compound-rest slide 
moves parallel to the axis of the lathe. This permits the micrometer dial 
of the compound-rest feed screw to be used to obtain an accurate dis- 
tance between the shoulder and the end face of the workpiece. 

In Fig. 9-15 a very long, small-diameter workpicee is being turned while 
held in а collet chuck. Turning this between centers would be difficult be- 
cause the action of the cutting forces would tend to bend the part and 
the lathe dog would interfere with the eut. The first operation is to hold 
the workpiece inside of the spindle with just enough protruding from the 
collet to take a eut of about one or two inches in length. It is then drawn 
out of the collet and one end is held by a steady rest as shown. This end 
could be held in a tailstock center; however, on very small diameter 
work the center hole in the workpiece would be very small affording only 
a small bearing surface for the tailstock center. A follower rest is placed 
on the carriage which, in this case, leads the cutting tool. The follower 


nd 
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Fig 9-1. Turning an 


(scing a part held in а spindle nose type colle 


rest prevents the work from deflecting as the tool cuts the length of the 
part to size, This job could also be done by turning the length between 
the collet chuck and the steady rest to size, as shown, after which the 
two ends are cut off 


Chucking for Work-Turning and Facing 


Cylindrical surfaces can be turned with the work held in the chuck as 
shown in Fig. 9-16. The longitudinal feed causes the cutting tool to travel 
parallel to the axis of the lathe and as the work revolves, the tool will 
cut a true cylindrical surface. The trial-cut procedure is used to obtain 
the desired diameter on the workpiece. Long parts held in a chuck may 
deflect as a result of the cutting forces which cause the part to be tapered 
instead of cylindrical. This can be prevented by using a cutting tool hav- 
ing a small-nose radius and setting this tool to have a zero-degree lead 
angle. 

Facing is the operation of turning a plane surface by feeding the cut- 
ting tool with the cross slide. A facing operation is illustrated in Fig. 9-17. 
‘The depth of cut for this operation can be obtained by moving the car- 
riage longitudinally: 

Greater accuracy in setting the depth of cut can be obtained by setting. 
the compound-rest slide so that it will move parallel to the lathe axis as 
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eerte of the Самата Division ofthe Atlas Pre Company 


Fig, 18. Turning a slender workpiece held in a collet chuk by a steady rest, Addie 
‘ional support is provided by a follower res 


shown in Fig. 9-17. The depth of cut is set by moving the compound 
rest slide, using the micrometer dial on the feed screw to make accurate 
settings, 


Drilling. 

‘The first step in drilling à hole on a lathe is to start the hole with a 
combination drill and countersink, or center drill, as scen in Fig. 9-18. 
‘The center drill is held in a drill chuck which is mounted in the tailstock 
spindle. The work is rotated by the headstock spindle and a high spindle- 
speed should be used to drill this starting hole. The hole is drilled by 
clamping the tailstock to the bed of the lathe and feeding the drill into 
the work manually by turning the tailstock handwheel. The center drill, 
being short and inflexible, will not deflect; but will start the hole true, 
without any eccentricity. The twist drill will be guided by the hole made 
by the center drill and, therefore, will also start true and without 
eccentricity. 

After the starting hole has been made with the center drill, the hole 
is then drilled to the required size and depth with a twist drill. The 
spindle speed used to drill the hole should be appropriate both to the size 
of the drill and the material being cut. As a guide, the Table of Cutting 
Speeds (in Chapter 5) can be used. The spindle speed of the lathe is 
caleulated from the cutting speed using Formula 5-1. The drill is fed into 
the work manually, by turning the tailstock handwheel 
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Courtesy ofthe Channing Division of the Atlas Prens Company 
Fig. 9-16. Turning a part that is held jn a -jaw universal chuck 


Small twist drills (up to approximately one-half inch in diameter) can 
be held in a drill chuck which is mounted in the tailstock spindle, as shown 
in Fig, 9-19. The taper locates the drill on the axis of the lathe and it will 
hold the drill sufficiently firm to resist the drilling torque. The torque, 
encountered when larger drills are used, may be sufficiently large to cause 
the taper shank to slip in the taper hole of the tailstock spindle, This will 
result in scoring the inside of the taper hole of the spindle. This damage 
is frequently so severe that the tailstock spindle is ruined. It is not ad- 
visable, therefore, to place large, taper shank drills directly into the 
tailstock spindle unless some means are provided to prevent the drill from 
slipping or the step drill method is used to reduce the drill torque. 

‘The tailstock spindle on some lathes is provided with а keyway, or 
slot, into which the tang of the twist drill fits. On lathes which are «o 
equipped large-size taper-«hank drills can be safely driven by the tang 
Most engine lathes do not have a driving slot in the tailstock spindle, 
thus other means must be used to drive the larger-size twist drills. One 
method of doing this is shown in Fig. 9-20 A lathe dog is clamped onto 
the twist drill which is inserted in the tailstock spindle so that the tail of 
the dog rests on the compound rest. The drill should first be inserted in 
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Fig. 9-18. Starting a drilled hole with a center drill 


the spindle after which the dog is clamped on the drill so that the tail 
is against the compound rest. The tail of the dog prevents the drill from 
turning. Care must be exercised to make certain that the tail of the dog. 
is against the compound rest at all times as the hole is being drilled. 
Another device used in driving a large twist drill is ealled a drill holder, 
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Fig, 0-10, Drilling a small-diameter hole with a drill held in а drill chuck which is 
mounted а the tailstock spindle, 


Секте of лөм Machine төш Co 


Fig 9-20. Drilling a large-diameter hole with a taper shank twist drill. The lathe dog 
prevents the drill from slipping 


which holds the drill outside of the 
taper shank of the twist drill fits i 
holder, whieh is supported by 


oek spindle (sec Fig. 9-21). The 
a matching taper inside the drill 
ek center and the workpiece. 
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Fig. 9-21, Drilling a large-diameter hole in a lathe. The twist drill is held in a drill 
holder. 


The arm of the drill holder is placed on the shank of the tool holder and 
against the back of the tool post. As the drill is fed through the workpiece 
by the tailstock spindle the arm of the drill holder pushes the carriage 
toward the headstock. The earriage thus provides a drag, or a constraint 
to the movement of the drill holder, thereby keeping it seated on the 
tailstock spindle at all times. This constraint is especially important in 
overcoming the tendency of the drill to pull into the work as it breaks 
through the far side of the workpiece. 

Large holes can be safely drilled with taper-shank drills mounted 
directly in the tailstock spindle by using the "step drilling” procedure 
А small hole, say, one-half inch in diameter, is drilled first. This is fol- 
lowed by enlarging the hole with successively larger-diameter drills until 
the required size is reached. In this way the torque load encountered by 
апу one drill is not excessive, and the drill will not slip in the tailstock 
spindle. Another advantage of this method is that the thrust load is re- 
duced which, in turn, reduces the load on the tailstock spindle nut and 
screw. This may be significant when drilling on a small lathe. The single 
disadvantage of employing this method is that more time will be required 
to drill the hole. 

АП of the methods of drilling a hole thus far described require the drill 
to be fed into the work manually by turning the tailstock handwheel. 
Although this is not objectionable on engine lathe work, the drill may be 
fed with the longitudinal power feed of the carriage using the setup shown 
in Fig. 9-22, The drill is held in a drill holder that is clamped to the face 
of a square turret type tool post having a “quick change” feature on one 
face. This feature permits tool holders for different types of tools to be 
quickly clamped or released. In making the setup, the drill holder is 
adjusted to the position where the drill is at the height of the lathe centers; 
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Fig. 9-22. Setup for drilling on an engine Inthe using the carriage power ford. The 


illia held on the quickeehange face of a square tool post 


it will then return to this position cach time it is clamped onto the tool 
post. Since the eross slide is usually moved to perform other operations, 
each time that the drill is used it must be aligned on the lathe axis by 
moving the eross slide to this position. 


Reaming 

Reamers are used to obtain an accurate diameter as well as а good 
surface finish in holes that are being machined in a lathe. Usually the hole 
is bored prior to reaming in order to make certain that the resulting hole 
will be concentric with the rotation of the work. The reamer will follow 
the existing hole through which it cuts. The reamer is a finishing tool 
and is designed to remove only a small amount of metal. Approximately 
0.008 to 0035 inch should be left on the diameter of the hole for reaming, 
Та other words, the hole should be 0.008 to 0035 inch smaller in diameter 
than the size of the reamed hole. In order to prevent a tapered hole 
resulting from reaming, it is best to hold the reamer in a floating reamer 
holder as shown in Fig. 9-23. This tool allows a small amount of unob- 
structed movement which enables the reamer to accurately align itself 
to ream a straight hole. The cutting speed for reaming should be about. 
‘one-half of the speed recommended for drilling, and the reamer should be 
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сок of he Miden Industrial Management Ашен 
Fie 928 Reaming а 


оо a Inthe, The reamer in eld in a floating reamer holder 


fed through the hole slowly. On engine lathes the reamer is fed manually 
through the hole by using the tailstock spindle. Cast iron is usually 
reamed dry; however, a good grade of cutting oil should be used for 
reaming most other metals including all of the steels. 


Boring 
‘The objective of boring а hole in a lathe is: 


1. To enlarge the hole 
2. To machine the hole to the desired diameter 
3. To accurately locate the position of the hole 
4. To obtain a smooth surface finish in the hole. 


The motion of the boring tool is parallel to the axis of the lathe when 
the carriage is moved in the longitudinal direction and the workpiece 
revolves about the axis of the lathe. When these two motions are com- 
bined to bore а hole, it will be concentric with the axis of rotation of the 
lathe. The position of the hole can be accurately located by holding the 
workpiece in the lathe so that the axis about which the hole is to be 
machined coincides with the axis of rotation of the lathe. When the boring 
operation is done in the same setup of the work that is used to turn and 
face it, practically perfect concentrieity and perpendicularity can be 
achieved. 

The setup for horing a hole on an engine lathe is shown in Fig. 9-24. The 
horing tool is hell in a boring har which is fed through the hole by the 
carriage. A typieal boring tool is shown in Fig, 9-25. Variations of this 
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Com tay of ы Allan Pros Company 
Fig. 0-24 Boring a hole on an engine lathe 
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ANGLE 37 — TO SUT BORING BAR 
ANGLE "E — TO SUT MOLE IN WORK 
Fig. 9-25. Design of a typical high-speed steel boring tool. The design is typical, but 
Variations are uscd to suit diferent conditions 


design are used, depend 
any, should always be м 
not be too large. The cut 


iz on the job to be done. The lead angle used, if 
Also, the nose radius of the boring tool must 
ng speed used for boring can be equal to the 
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speed for turning. However, when the spindle speed of the lathe is сеце 
lated, the finished, or largest, bore diameter should be used. The feed rate 
for boring is usually somewhat less than for turning to compensate for the 
lack of rigidity of the boring bar. 

‘The boring operation is generally performed in two steps; namely, 
rough boring and finish Loring. The objective of the rough-boring opera- 
tion is to remove the excess metal rapidly and efficiently, and the objective 
of the finish-boring operation is to obtain the desired size, surface finish, 
and location of the hole. The size of the hole is obtained by using the 
trial-eut procedure. The diameter of the hole can be measured with inside 
calipers and outside micrometer calipers as deseribed in Chapter 2, 
Basie Measuring Instruments, or inside mierometer calipers can be used 
to measure the diameter directly. 

Cored holes und drilled holes are sometimes cecentrie with respect to 
the rotation of the lathe. When the boring tool enters the work, the boring 
bar will take a deeper cut on one side of the hole than on the other, and 
will deflect more when taking this deeper cut, with the result that the 
bored hole will not be concentrie with the rotation of the work. This effect 
is corrected by taking several cuts through the hole using a shallow depth 
of eut. Each succeeding shallow eut eauses the resulting hole to be more 
concentric than it was with the previous cut. Before the final, finish eut 
is taken, the hole should be concentric with the rotation of the work in 
order to make certain that the finished hole will be accurately located. 

Shoulders, grooves, contours, tapers, and threads are also bored inside 
of holes. The procedure for boring tapers and threads will be described 
in subsequent chapters. Internal grooves аге cut using a tool that is simi 
lar to an external grooving tool (see Fig. 8-1). The procedure for boring 
internal shoulders is very similar to the procedure for tuming shoulders 
that was previously described in Chapter & Large shoulders are faced 
with the boring tool positioned with the nose leading, and using the cross. 
slide to feed the tool. Internal contours ean be machined using a tracing 
attachment on a lathe as shown in Fig. 9-26. The tracing attachment is 
mounted on the cross slide and the stylus, 1, in Fig. 9-26 follows the out- 
line of 2, the master profile plate. This causes the cutting tool to move in 
а path corresponding to the profile of the master profile plate in a man- 
ner explained previously in Chapter 6, Engine-Lathe Construction, Thus, 
the profile on the master profile plate is reproduced inside the bore. The 
master profile plate is accurately mounted on a special slide which ean 
be precisely adjusted in two ditvetions, in order to align the cutting tool 
in the correct relationship to the work. This lathe has Jock type 
of spindle nose which permits it to take a cut when rotating in cither 
direction. Normal turning cuts arc taken with the spindle rotating counter- 
clockwise. In Fig. 9-26, the boring cut is taken with the spindle revolving 
in a clockwise direction, or “backwards.” This permits the boring cut to 
be taken on the "back side” of the bore which is easier to все from the 
operator's position in front of the lathe. This should not be done on lathes 
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Fig 26, Boring an internal contour on an engin 
‘tachment 


he equipped with a tracing 


having a threaded spindle nose because the cutting force will tend to 
unscrew the chuck. 


Cutting off 

‘The objective of the cut-off operation is to sever the end of the work- 
piece which is protruding from the chuck. Often, this is a finished or se 
finished workpiece that has been machined from a bar of stock which is 
held in a chuck such as shown in Fig. 9-27. A cut-off tool, Fig. 9-28, is 
used to perform the cut-off operation. The end cutting edge is ground at 
а 3° to 15° angle in order to cut off the part without a burr. The burr re- 
mains on the stock that is held эп the chuck and can be removed by feed- 
ing the tool a short distance beyond the point where the stock is separated. 
‘The width of the cut-off blade is dependent upon the size of the cut-off 
tool. It should be kept as small as possible. Although both larger and 
smaller widths are used, the average width of the cut-off blade is from 
X, to М inch. The blade has а back taper of one degree on cach side in 
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Fig. 9:28. Design of a cut-off toot 


order to provide clearance for the tool with respect to the sides of the 
groove made by this tool. The side relief angles are two degrees and the 
end relief angle is ten degrees. The face of the tool is made flat, although 
а very large radius (equal to the radius of the grinding wheel used to pre- 
pare this surface) is sometimes ground on the face. This provides a very 
small haek-rake angle. Two frequently used commercial cut-off tools are 
shown in Fig. 9-29. 

The cutting speed used to eut off stock can usually be as fast as 
recommended for turning. Occasionally, a very deep cut must be taken 
to cut off a part, in which case the cutting speed should be reduced. This 
is done more in the nature of a safety measure than to decrease the eut- 
ting load on the tool. The cutting load, or cutting force, on the tool will 
not be reduced by decreasing the cutting speed, but by reducing the feed. 
For this reason, a relatively light feed should always be used to perform 
the cut-off operation. For very small cut-off tools a feed rate as low as 
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Fie 9-22 A, Strnight-shank ext-off tool. В. Ofsetahank cut-off tool. 


0005 inch per revolution is sometimes used. Large cut-off tools can 
operate satisfactorily using a feed of 00б to 010 inch per revolution. 
For average conditions a feed rate of 001 to .005 inch per revolution i 
recommended. It is best to use the automatic-power across feed to perform 
this operation since this feed is more uniform than the hand feed. It 
should be pointed out that the actual feed rate of the cross slide of most 
engine lathes is less than the longitudinal feed rate corresponding to the 
same setting of the feed-thread gear box. The setting of а quick-change 
gear box will correspond to the actual longitudinal feed; however, the 
cross-slide feed will be less. Since the ratio of the longitudinal and cross 
feeds depends upon the design of the lathe, no general rule for calculating. 
the actual cross feed rate can be given. This must be determined experi- 
mentally for each lathe. 

‘The correct setup for an offset cut-off tool is shown in Fig. 9-30. For 
both offset and straight cut-off tools, the blade must always be positioned 
perpendicular to the workpiece axis and the end cutting edge must be on 
center. 


Lathe Fixtures 


F tools used to 1 
sition for machining and to clan 


te the workpiece in a desired po- 
t firmly in place. Usually, fixtures are 
used on production work, where a number of like parts are to be ma- 
chined. There are occasions, the configu 
such that it cannot be located and held by any of the si 
holding methods. On such occasions, a fixture is made to machine only 
опе or two parts. Such fixtures are made as simple as possible without 
sacrificing the required accuracy. 

Lathe fixtures are usually mounted on 


iceplate or im a four-jaw 
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Fig. 9-32. Diamond be 
інн chek, Diamond 


ye mounted on a four- 
‘on aluminum part 


ing a complex part held in a I 
ing ool produces mirror-ike wurface 


chuck, although some very simple fixtures may be held in a three 
universal chuck or in a collet chuck. A very simple fixture for turning a 
pulley is shown in Fig. 9-31. Actually this i a stub mandrel used to 
insure concentricity between the outside diameter and the bore, and also 
sure perpendieularity between the sides and the bore. The mandrel 
is made fron ich is turned to fit the bore dis 
eut on the end to hold a retaining nut. It is turned'and then used without 
removing it from the lathe. Tt may be removed and used again by indi- 
cating one of the cylindrical surfaces or by always holding it in a collet 
chuck. However, a collet chuck should not be used when turning a large 
diameter, 

Most fixtures not mounted on а faceplate are preferably held in a 
four-jaw chuck. Since each pair of jaws can be accurately adjusted inde- 
pendently of the other pair, the fixture ean be accurately located in the 
four-jaw chuck. A lathe fixture held in a four-jaw chuck that is mounted 
on an engine lathe is shown in Fig. 9-32. The fixture is made to run true 


а bar of steel wh nd a thre 
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by indicating the diameter and the face with a dial test indicator. The 
workpiece is a complicated forged aluminum alloy valve body that must 
be machined to close tolerances and to a mirror smooth surface finish. To 
attain the required aceuraey and the mirror smooth surface finish a nat- 
ural diamond cutting tool held on а boring bar is used. 


chapter 10 


Taper and Angle Turning 


Twist drills, end mills, arbors, lathe centers, other small tools, and 
machine parts have tapered shanks which fit into spindles, sockets, or 
adapters having a matching taper. Heavy-duty power generating and 
marine components are often designed to have tapered fits. The taper 
provides an accurate means of location for the mating parts, Many tapers 
are also designed to hold the two members together. They are called self- 
holding tapers in contrast to self-releasing tapers which are designed to 
locate, but not to hold. Tapers have been standardized in order to be 
interchangeable. Most machine shops are frequently called upon to meas- 
ure or gage, and to machine tapers. External tapers are machined either 
by turning in a lathe or by grinding. Internal tapers are machined by 
boring in a lathe, reaming, and by internal grinding. This chapter will 
concern itself only with the measurement of tapers, and with cutting 
tapers and other conical surfaces on a lathe. 


Standard Tapers 

The exact dimensions and specifications for standard tapers are tabu- 
lated in engineering handbooks such as "Machinery's Handbook.” The 
objective here is to introduce the standard tapers in common usage in the 
United States. 


Morse Taper. This is a self-holding taper. Taper-shank twist drills are 
made exclusively with the Morse taper. It is also used extensively on the 
shanks of reamers, end mills, countersink: counter bores, spot facers, and 
lathe centers. It is used on drill-press spindles and lathe spindles. Each 
size of Morse taper is different, although in most cases it is approximately 
$¢ inch per foot. 


Brown & Sharpe Taper. This taper is approximately 34 inch per foot for 
all sizes except No. 10 which is .5161 inch per foot. Brown & Sharpe 
tapers are used on the shanks of end mills and reamers, collets, milling 
machine spindles, and grinding-machine spindles. 


Jarno Taper. The Jarno taper has been used on some machine tools, This 

system is based on some very simple formulas that make all the dimen- 

sions very easy to caleulate. The taper per foot for all Jarno tapers is 600 

inch. The following formulas are used to calculate the other dimensions: 
279 
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taper number 
s 


Jarno taper number 
10 


Diameter at large end = 297" 


Diameter at small end = 


Jarno taper number 
2 
Thus, а No. 7 Jarno taper has the large diameter equal to % inch, the 


small diameter equal to о or .700 inch, and the length is equal to 314 
inches. 


Length of taper — 


Milling- Machine Taper. This taper is 3% inches per foot in all sizes, in 
order to assure easy release from the milling-machine spindles of arbors, 
adapters, and other tools. It was adopted as a taper by the milling: 
machine manufacturers of the National Machine Tool Builders Associa- 
tion, in 1927. Tt has now become an American standard and is used on 
almost all of the milling-machine spindles built in the United States, 


American Standard Machine Tapers. This standard includes а self-holding. 

series, and a steep taper, or self-releasing, series. The self-holding tapers 

are, to a large extent, an adaption of the Morse and Brown & Sharpe 

Харет, The steep taper series corresponds closely to the Milling Machine 
"aper. 


There are other standard tapers, such as for American Standard Taper 
Pins and for the Jacobs Taper that is used for chucks and on spindles of 
portable air and electric tools. The wide application of all of these stand- 
ards has contributed greatly to the growth of metal manufacturing, 


Taper Calculations 
‘The following definitions are used in dealing with tapered surfaces: 
Т = Taper; the difference in size between the large and the small 
diameter. 
Ty. = Taper per inch; the change in size of the taper in a one-inch 
length. 
Ти = Taper per foot; the change in size of the taper in a one-foot 
length. 
D = Large diameter of the taper 
d = Small diameter of the taper 
L = The length of the taper in inches. 


‘The formulas used to calculate the components of a taper are given 
below, Трей applications can best be illustrated by examples: 


т=р-4 a01) 


(10-2) 
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r= m 
Typ = 12x T, (10-4) 
D-(T,xL)d (10-5) 
d=D- (LX Ty) (10-6) 


L= (10-7) 


Example 10-1: 
А taper is 4 inches long. The large diameter is 1 inch and the small 
diameter is % inch. Caleulate the taper per foot. 


d= Kin. 


10025 in. (10-2) 


(10-4) 


Example 10-2: 

Calculate the diameter of the large end of a taper when the small 
diameter is 778 inch, the taper per foot is 00235 inch, and the length of 
the taper is 3.250 inch. 


1= 3250in, d= Sin, Т, = 00235 in. 


Tay 00235 


= Te AP M 05019 in. (10-3) 


(10-6) 


‘The method of gaging tapers is illustrated in Fig. 10-1. Taper plug 
and taper ring gages are simple and dependable for gaging tapered holes 
and tapered shafts, respectively. They simultaneously gage the diameter 
and the angularity of the taper. 

То gage the angularity of a tapered shaft, place a light coating of 
Prussian blue along the entire length of the taper. If Prussian blue is not. 
available, a light chalk can act as a substitute. The taper is inserted in 
the ring gage and twisted. If, after it has been removed, the Prussian 
blue coating has been uniformly rubbed off, the taper is eut at the correct 
angle. М а portion of the Prussian blue is untouched, the angle is not 
correct. The direction of the error ean be determined by observing the 
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Fig 10-1. Step type plug and ring Go-Not Go taper gages 


area where the Prussian blue has been rubbed off. If it has been rubbed 
off toward the large end, the taper is too steep and if it has been rubbed 
‘off toward the small end, it is too gradual Tapered holes are gaged for 
angularity in a similar manner, using a taper plug gage. In this ease the 
Prussian blue, or chalk, is placed on the plug gage instead of on the 
workpiece. When gaging tapered holes with a taper plug gage these con- 
ditions, previously indicated for а shaft, are reversed. A self-holding 
taper that has the correct angle can be made to hold together without 
any difficulty. 

The taper plug and ring gages are designed on the GO-NOT GO prin- 
ciple. For example, at Y, Fig. 10-1, the small end of the ring gage has 
two steps, or surfaces, at different levels which are designated Step А 
and Step B. When Step A is flush with the small end of the shaft, the basie 
diameter of 1.219 inches is, in this case, 1469 inches from the small end. 
When Step B is flush, the basic diameter is 1438 inches from the small 
end. Hence, this is a limit type of taper ring-gage and the tolerance for 
the position of the gage is represented by the height of the step which, in 
this case, equals 1.469 — 1.438 = 031 inch. When the gage is flush with 
either step, or when the end of the work falls within the two steps, the 
taper is within the specified limits. If the end of the work is inside Step B, 
the taper is too large; if the end is outside Step А, the taper is too small. 
The plug gage at X, Fig. 10-1, also has а stepped surface and the hole is 
gaged in a manner similar to gaging the shaft with the taper ring-gage. 
The plug and ring gages determine if the taper being gaged meets the di- 
mensional specifications; however, it does not actually measure the taper. 

‘The angularity of the taper is measured most readily by using a sine bar 
or a sine plate. A sine bar is shown in Fig. 10-2. The arbor, or shaft, that is 
to be measured is held on two bench centers. The sine bar has two buttons 
which are similar to toolmakers buttons except that they are not adjust- 
able. These buttons are usually either 10 inches or 5 inches apart. Their 
location on the sine bar is accurate to “tenths.” The sine bar is positioned 
over the taper, as shown, and the difference in the height over the buttons, 
Hy and Hz, is measured using а vernier height-gage and a dial test indi- 
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Fig. 10-2. Measuring the angle of the taper using a sine bar and precision bench- 
‘centers. 


entor. The half angle of the taper is obtained from this measurement by 
applying the following formul 


sing = Ha — 


Н} (рог 10-inch sine bar) (10-84) 


sing=! 


For Sinch sine bar) (108b) 


‘The angle, 0, is found directly from a table of trigonometric functions by 
obtaining the angle corresponding to the calculated value of sin Ө in 
Formula 10-8 The included angle of the taper is two times 0. The taper 
per inch ean be found by using the following formula: 


Ty = 2X tan (10-9) 


Example 10-3: 

Referring to Fig. 10-2, the vernier height-gage reading obtained for 
H, is 4678 inches and for Hz it is 6.122 inches. Calculate the included 
angle of the taper and the taper per foot of the arbor. 


Ha = th _ 6122 — 4078 


in 6 - а 
sin m 1 1444 inch (10-54) 
4 = 8°18! (From a table of trigonometric functions) 
‘The included angle of the taper = 2 @ = 2 X S18 
= 16°36" 


T, = 2 X tan 6 = 2 X tan SIS’ (10-9) 
= 2 X .14588 = .29176 inch 

T, = 12 X Tye = 12 x 20176 
= 3501 inch (10-4) 
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‘The half angle of the taper can also be determined by measuring over 
precision rolls as shown in Fig. 10-3. Two measurements, M and m, must 
be taken that are a distance Н, apart. The distance, or height, above the 
precision-surface plate М, is obtained by two stacks of gage blocks of 
equal length. The half angle, 6, is calculated by the following formula: 


ао т (10-10) 


The diameter D, at any given distance H, from the small end of the 
taper, can be determined by measuring the distance M over precision-gage 
rolls having a known diameter W by the following formula: 


D = M — W [1 + cotan 3 (90 — 9)] (10-11) 
‘The diameter of the small end of the taper can be measured by substi- 
tuting the measurement т, for M in Formula 10-11. 


Example 10-4: 

Referring to Fig. 10-3, the measurement across the rolls М is 22558 
inches, and m is 2.0833 inches. The distance between the rolls Н is 4.250 
inches and the diameter of the rolls is 500 inch. Caleulate the half angle б. 


026176 


Fig. 10-3. Measuring a taper with gage rolls and precision gage-blocks, 


Ch. 10 TAPER AND ANGLE TURNING 285 


Calculate the diameter of the taper at a distance of 4.250 inches from 
the small end. 


D = M — W + cotan % (90 — 8)! 
55$ — 200 [1 + cotan 34 (90 


1300 


= 2.2558 — 500 [1 + 1.0265) 
= 1.2126 inches 


Calculate the diameter at the small end. 


d= m — W {1 + cotan 14 (90 — 9} 
= 20333 — 5 [1 + cotan М (90 — 1°90")} 
= 1.0201 inches 


Taper Turning with a Taper Attachment 
‘The taper attachment is a guide bar that imparts a uniform motion to 
the cross slide as the carriage is moved longitudinally. The rate or extent 
ment. deter- 
mines the angle of the taper. The angle of the taper on the work corre 
sponds to the angle at which the taper attachment is set. This can be 
varied and provided on the taper attachment arc seales that can be read 
in terms of degrees and taper per foot. The taper attachment does not 
interfere with straight or cylindrical turning and boring. It is a permanent 
part of the lathe that is always ready to be user by making a few simple 
adjustments. A taper part is turned practically the same as a cylindrical 
part; that ів, the power longitudinal feed is used and, as the carriage 
moves along the bed, the eross slide and cutting tool are gradually moved 
їп or out by the taper attachment. The depth of cut of the cutting tool 
is set by using the compound-rest slide, or, if the taper attachment is a 
telescoping type, the cross slide can be used. 

‘A taper attachment and a setup for turning tapers is shown in Fig. 10-4. 
The bar, A, is set either to the required taper per foot or to a given angle, 
in degrees, as sletermined by the graduations on the end of the bar. The 
nuts, D, arc used to clamp the bar securely in the required position. 
Ann C, is clamped to the lathe bed by tightening nuts Р, so that the bar, 
А, is held stationary. Nut G, is loosened to permit draw-bar H, to slide 
freely through arm C. When the attachment is not in use, nut G, is tight- 
ened so that the auxiliary draw-bar И, will insure a smooth, easy move- 
ment of arm C, along the bed without any tendency to bind. The taper 
bar A, may be adjusted to the exact position required, by means of the 
knurled knob, J. This attachment has a telescoping type of cross-feed 
serow permitting the тов slide to be used to adjust the tool to the depth 
of cut. It has a maximum capacity of 6 inches taper per foot. This ex- 
ceptionally steep capacity is due to the incorporation of antifriction 
bearings, in order to reduce the frietional resistance. 

The taper attachment can be accurately adjusted by placing a dial test 
indicator in the toolpost and placing the contact point against the te 


of the eross-feed movement for a given longitudinal mo: 
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‘скинь of The American Той Works 


ails of an engine-lathe taper attachment. 


stock spindle, as shown in Fig. 10-5. The taper per inch of the taper to 
be cut is ealeulated and. d by two, This is the distance that the cross 
slide should move when the carriage is moved exactly one inch, longi- 
tudinally. The taper attachment is then adjusted until the dial indicator 


Fig. 10-5. Method of setting the taper attachment. The same setup can be used to 
ойша the tailetock 
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the number of thousandths of an inch calculated above, when the 
carriage is moved exactly one inch. Care must be taken to eliminate all 
of the lost motion in the taper attachment before starting the dial indi- 
cator reading. This is done by moving the carriage toward the headstock 
until the dial indicator hand starts to turn. The one-inch, longitudinal 
movement of the carriage is started from this position. It must be em- 
phasized, however, that even this method does not guarantee that the 
taper produced will be absotutely accurate. Accuracy is obtained by meas- 
turing or gaging the taper that has been cut and making fine adjustments 
of the taper attachment until the angle of the taper per foot is correct 
The point, or nose, of the cutting tool must be set at the same height 
аз the center, or axis, of the work when turning tapers, The importance of 
this will be apparent by referring to Fig. 10-6. To turn the taper shown, 
the tool, T, would be moved back a distance X, while traversing the 
length, L In order to illustrate the principle, assume that the tool 
could be placed as high as point a, the setting of the taper attachment 


axis of the work for taper turning 


move 


the large diameter would be undersize as shown by the dotted line if the 
diameters of the small end were the samo in each case. Of course, if the 
tool were only slightly above or below the center, the resulting error 
would also be small. The tool can be set on center by comparing the height. 
of the point, or nose, with one of the lathe centers, before placing the work 
in the lathe. This precaution must be observed when turning or boring any 
taper or angle, regardless of the method used. 

With the work set up, as shown in Fig. 10-4, the entire length of the 
taper is cut until the taper ring-gage slips over the work far enough to 
allow the angle of the taper to be gaged, yet still leaving enough metal for 
‘one or more finish cuts to be taken. Several cuts are usually required and 
the last cut before using the gage should be a light опе so that the result- 
ing taper will accurately reflect the sctting of the taper attachment. If 
necessary, the taper attachment is adjusted to correct any error in the 
angle of the taper as determined by the taper ring-gage and then another 
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light cut is taken along the entire length of the taper. When the angle of 
the taper is correct, one or more finish cuts are taken until the taper is 
completed. If a taper ring-gage is not available, а drill press sleeve, lathe 
headstock-spindle adapter, or a part having the correct taper may be used. 
in its place, It is best, however, to use a taper gage even if one must 
specially be made for the job at hand. 


Taper Turning—Otfset-Center Method 
‘The offset-center method of turning tapers, shown in Fig. 10-7 can be 
used only to turn external tapers with the work held between the head- 


Fig, 10-7. Taper turning by oflset-center method on lathe not equipped with a taper 
‘tachment, 


stock and the tailstock centers. When both of these centers are in line, 
the movement of the tool is parallel to the axis of the work and, conse- 
quently, a cylindrical surface is produced. If, however, the tailstock 
center is set out of alignment, as shown in Fig, 10-7, the work will then 
be turned, tapering as the tool is traversed from a to b, because the axis 
z-z is at an angle with the movement of the tool. The amount of taper, 
ог difference between the diameters at the ends for a given length, will 
depend upon how much the center hy, is set over from the central position. 

‘The amount that the tailstock center should be set over for turning a 
given taper can be calculated; however, the calculated distance is only a 
close approximation due to the effect of the centers inside the center holes 
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of the workpiece. Because of differences in the depth of the center holes 
and the length of each individual workpiece, each workpiece must be 
gaged to determine the angle of the taper before it is cut to the finish size. 
‘This is not necessary when using a taper attachment which will reproduce. 
the same taper after it has been set to the correct setting. The estimated 
amount of offset of the center for turning a taper by the offset-center 
‘method can be calculated by the following formula: 


„Тех 


Offset i 


(10-12) 
where: Ти = Taper per inch 
I. = Length of the workpiece 


Example 10-5: 

A taper plug that is 744 inebes long is to be turned in а lathe by the 
offset-center method. The taper is 4 inches long and the taper per foot 
is .750 inch. Determine the tailstock offset. 


‘To adjust the tailstock, place a dial test indicator against the tailstoek 
spindle as was shown in Fig. 10-5. Set both the dial test indicator and the 
micrometer cross-feed dial to read zero. Using the graduations on the 
micrometer eross-fced dial to determine tbe distanee, move the carriage 
back the required distance plus one turn of the cross-feed serew in order 
to take up the back lash of the serew. The eross slide is then moved for- 
ward one turn, plus the distance required to come to the micrometer cross- 
feed-dial reading. The tailstock is then moved by loosening the tailstock 
clamp-nut and turning the set-over serew until the tailstock spindle again 
comes against the dial test indicator and makes it read zero. The tailstock 
is then elamped in place. The procedure for turning the taper after the 
lathe has been set up, is essentially the same as is used when taper turn- 
ing with a taper attachment. 


Angle Turning—The Compound Rest 

Steep tapers and angles сап be tumed by positioning the compound 
rest at the desired angle and feeding the cutting tool with the compound- 
rest slide, An example of this method is illustrated in Fig, 10-8. The cor- 
rect position of the compound rest is obtained by using the angle gradua- 
tions on the base of the compound rest. The compound rest can be 
positioned more accurately by using a vernier bevel-protractor and a dial 
test indieator which is attached to the compound-rest slide. The vernier 
bevel-protractor is held against any convenient surface on the lathe or 
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des and steep tapers with the compound rest, 


Сели of the Сизнича Division ofthe Alan Pree Company 
Fig. 10-9, Turning an angle on а V-belt sheave with the compound rest. 
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on the work and the contact point of the dial test indieator is moved 
along the blade of the protractor. A convenient reference surface for the 
protractor would be the face of a faceplate ог the tailstock spindle. Very 
accurate settings of the compound rest are best made by taking a trial 
cut on the workpiece and measuring the resulting angle. The compound 
rest is adjusted until the angle being cut is correct. Figure 10-9 shows the 
angle of a V-belt sheave being turned, by using the compound rest to feed 
the tool. The sheave is held on a mandrel which is mounted between 
centers. 


Boring Internal Tapers and Angles 
Internal tapers ean be bored by using the taper attachment as shown 
in Fig. 10-10, The taper attachment guide-bar A, is set to the required 
taper as shown by the graduations. The guide har, locked into position by 
serews D, and npe to the lathe bed by the serews shown. 
Lever E, is tigh ready to usc. The point, or 
ight of the lathe center. 
This ean be don paring the height of the tailstock center (not 
shown in Fig. 10-10) with the nose of the boring tool using a surface gage, 
and taking the flat surfaces on the bed of the lathe as a reference surface. 
‘The procedure for boring the hole is similar to the procedure for turning 
а taper. The hole is bore undersize until the tapered plug.gage ean be 
inserted to measure the angle of the taper. Following a light cut, the 
the taper attachment is adjusted to 


Fig. 10-10. Use of а taper attachment to bore a taper hole in the end of a spindle 
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сенин of the Midwest Industrial Management Anoriation 


Fig. 10-11. Taper reaming in an engine lathe. 


make the necessary small correction. The taper is then bored to size 
Internal tapers can usually be finished more rapidly and more accurately 
with a taper reamer as shown in Fig. 10-11, The taper in the hole is first 
rough-bored; this is followed by reaming with a roughing reamer and 
the final finish is obtained by reaming with a finishing reamer. Some- 


i 
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Fig. 10-12. Boring tapered holes by using compound rest set to the angle required. 
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times, the rough taper-boring operation is omitted and the tapered bole 
is made by reaming with the roughing and finishing reamers. 

‘The tapered hole is reamed by placing a tap wrench on the square 
shank of the reamer and inserting the reamer into the bore. The tailstock 
center is inserted in the eenter-drilled hole in the end of the reamer. The 
headstock gears are disengaged to allow the spindle to be rotated by 
hand, without too much effort. The spindle is then rotated, manually, by 
turning the chuck, while at the same time, the reamer is slowly fed into 
the work by moving the tailstock spindle with the handwheel. A good 
grade of cutting oil should be used in the performance of this operation. 

‘The compound rest can also be used to bore internal tapers and angles. 
An angle is being bored inside of a large diameter at A, Fig. 10-12, The 
diameter is large enough to allow the entire compound rest to enter the 
bore, At B, Fig. 10-12, an angle is being bored in a smaller hole using 
the compound rest. In this case a boring bar is used in order to get into. 
the bore. Note how the boring bar is mounted on the compound rest. 


СНАРТЕВ 11 


Faceplate Work 


As a result of their unusual shape, some workpieces cannot be con- 
veniently held in a chuck or between the lathe centers, and faceplates 
are used to hold them. Often, considerable thought and planning must. 
be used in order to determine the best way to set up the workpiece on 
the faceplate. Care and skill must be exercised to make certain that the 
part is correctly aligned on the faceplate so that the surfares that are 
to be machined will be in the desired location. Faceplate work is so 
diversified that it ean best be learned by a careful study of some typical 
examples. In this chapter the examples and discussions are closely re- 
lated to the illustrations. The application of faceplates in obtaining an 
accurate hole location will he treated in detail in Chapter 15 


Faceplate Reference Surfaces. 

‘The faceplate is n reference surfare that is perpendicular to the axis 
of rotation of the lathe. Work ean be attached directly to the faceplate 
with the assurance that it is resting on a surface that ix at right angles 
to that axis. Reasonable саге must be exercised to prevent the faceplate 
from being damaged, thereby destroying its accuracy. Sometimes a face- 
plate does not run true on the lathe spindle. In this event a facing cut 
should he taken with the faceplate mounted on the spindle nose, ax shown 
in Fig, 11-1, New fac should always have а truing cut taken across 
the face before they are used. The facing cut should be taken with а 
broad-nose, cast-iron finishing tool such as is shown in Fig. 11-1. The 
spindle speed of the lathe is determined by the outside diameter of the 
faceplate and it should be based on a cutting speed of about 50 fpin. The 
depth of cut should be just enough to "clean up" the surface of the face- 
plate. The compound-rest slide can be used to set the cutting tool to the 
depth of cut; to do this it is positioned to move parallel to the lathe axis, 
‘The feed rate for taking the broad-nose, finishing cut should be approxi- 
mately 9 times the width of the face of the tool. Care must be exercised 
in positioning the cutting edge of the tool parallel to the eross-feed move- 
ment, otherwise an undesirable groove will be cut on the faceplate. This 
entire operation should be done in one or two shallow cuts (.001 to .003- 
inch deep) across the faceplate. 

‘An angle plate, Fig. 11-5, can be attached to the faceplate to provide 
a reference surface that is parallel to the lathe axis. The angle plate must 
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Fig. 11-1. Truing the surface of a faceplate by taking a facing cut with а broad-nose, 
cast-iron finishing tool. 


be square (this should be verified with a precision square); if it is not, 
it should be machined square on a planer or a shaper. Sometimes angle 
plates having angles other than 90 degrees are used. In either case the 
workpiece is attached to the angle plate. 


Faceplate Jaws 

Faceplate jaws for clamping workpieces are bolted onto the faceplate 
to provide movable jaws similar to a four-jaw independent chuck. Face- 
plate jaws ore shown in Figs. 11-2 and 8-5. They are used primarily on 
larger faceplates that are mounted on large lathes in place of four-jaw 
independent chucks which, in the larger sizes, would add an unnecessarily 
heavy weight to the nose of the spindle. A chuck would also place the 
weight of the workpiece further away from the support of the spindle 
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tem of Lafond Machine To Ce, 
Fig 11-2. Faceplate jaws used to hold workpieces for facing operation 


bearings, which is undesirable. This is avoided when using faceplate jaws 
which are just as effective as a chuek in holding the workpiece. Faceplate 
jaws can be used to hold symmetrical parts, as shown in Fig. 11-2. They 
сап also be used to hold irregularly shaped parts, as the different jaws 
can be located at any distance from the center of the faceplate. 


Faceplate Setups 


The illustrations in this chapter are used as examples of the application 
of faceplate work on engine lathes Although the same setup is not likely 
to be encountered, there is frequently a similarity between the jobs that 
are illustrated in this chapter and those that are encountered elsewhere, 
For this reason the examples shown should be carefully analyzed. 
Figure 11-3 shows a rectangular-shape casting with a round boss, or 
projection, the end of which is to be turned parallel with the finished 
baek face of the casting. A cored hole through the center of the boss is 
also to be bored true. This is a typical example of а part that can be 
conveniently machined by bolting it directly to the faceplate of the 
lathe. To perform this operation in the lathe, clamp the finished surface 
of the casting directly against the faceplate by bolts and clamps, a, b, c, 
and d, as shown. The work would then be turned in the same way as if it 
were held in a chuck. By holding the casting in this way, the face, e, will 
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be finished parallel with thé back surface, because the latter is clamped 
directly against the true-running surface of the faceplate. If a casting of 
this shape were small enough it could also be held in the jaws of a four- 
jaw independent chuck, but if the surface, e, needs to be exactly parallel 
with the back face, or if the bore must be exactly perpendicular to this 
surface, it is better to clamp the work to the faceplate. 

The proper way to clamp a piece to the faceplate depends largely upon 
its shape, the location of the surface to be machined, and the location of 
any previously machined surfaces. Whenever possible, previously ma- 
chined surfaces should be clamped against the faceplate as they provide 
reference surfaces from which the work can be aligned. When the work 

bolted to an angle plate instead of directly to the faceplate, the previ- 
ously machined surfaces should be placed against the angle plate. If a 
hole is to be bored through a workpiece which is larger than the bore in 
the spindle nose, the workpiece should be clamped against parallel bars, 
and not directly against the faceplate, to provide clearance for the tool 
when it reaches the inner end of the hole and to prevent it from cutting 
the faceplate. The parallels should be located directly underneath the 
clamps so that the clamping forces will not bend the workpiece 

When deep roughing cuts have to be taken, especially on large diam- 
eters, it is well to bolt a piece to the faceplate and against one side of the 
workpiece, as at D, Fig. 11-3, to act as a driver and to prevent the work 
from shifting. A faceplate driver is always placed to the rear, as deter- 
mined by the direction of rotation, since the work tends to shift back 
wards when a cut is being taken. If the surface which is clamped against 
the faceplate is finished, the work will be less likely to shift when a piece 
of paper is placed between it and the faceplate, 

Sometimes, an assembly of parts is mounted on a faceplate for turning, 
boring, and facing operations. When machined in this manner, practically 
perfect alignment can be obtained between all of the parts in the assem- 
bly. Figure 11-4 illustrates boring and facing operations being performed 
оп an assembly of parts which is held on the faceplate. 


сенш» of вата Machine Toot Co 
Fig. 113. Casting clamped to faceplate for turning and boring. 
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‘An angle plate is used in conjunction with a faceplate, for holding 
elbows or other parts that eannot be clamped against a vertical surface. 
Figure 11-5 illustrates how an angle plate is used to hold a cast-iron 
elbow, Е, the two flanges of which are to be faced true and square with 
each other. The shape of the casting is such that a flange cannot be held 
оп the faceplate while the other flange is being machined. The angle plate, 
P, provides the reference surface against which a flange can be bolted 


Fig 11-5 Cast elbow held on angie plate attached to faceplate 
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while the other flange is machined at right angles to it. When setting up 
an angle plate for this operation, the distance from its work-holding side 
to the center of the faceplate is made equal to the distance, d, between the 
center of one flange and the face of the other. 

As the angle plate and the work are almost entirely on one side of the 
faccplate, a weight, W, is attached to the opposite side for counterbal- 
ancing. Very often, weights are also needed to counterbalance offset parts 
that are bolted directly to the faceplate. The necessity for counterbal- 
ancing depends somewhat upon the spindle speed used for turning. If the 
surface to be machined is small in diameter so that the lathe can be run 
‘quite fast, any unbalanced part should always be counterbalanced, Like- 
wise, if the counterbalancing is not perfect, which is often the case, the 
spindle speed must be reduced to avoid excessive vibrations. The face- 
plate and the parts attached to it can be counterbalanced so that no vi 
rations result from this assembly. It is important, however, to under- 
stand that even when balanced, heavy workpieces will place a very severe 
load on the clamps due to the action of centrifugal force. Thus, the speed 
of the spindle should be limited when heavy, unbalanced masses are en- 
countered, even if these masses are balanced by counterweights, Balance 
of the faceplate assembly is achieved only when the force tending to 
move the counterweight is equal and opposite to the force tending to 
move the workpiece. 

Figure 11-6 illustrates a part being held and bored while clamped to an. 
angle plate that is attached to the faceplate. This is a convenient method 
of boring and facing parts that cannot otherwise be clamped and located 


сек of te Сонца Division of the Аша Prene Company 
Fig. 11-8. Boring а part that is clamped to an angle plate attached to the faceplate, 
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in the lathe. The base of this part has been previously machined and is 
used as a locating surface for holding the part on the angle plate. The 
setup for this and for similar operations is usually made in two stag 
First, the angle plate is set up so that the perpendicular distance from 
the clamping surface of the angle plate to the axis of the lathe is equal to 
the distance from the reference surface on the work to the center of the 
bored hole, Second, the workpiece must be located along the angle plate so 
that the axis of the hole to be machined (or surface to be turned) co- 
incides with the axis of the lathe. 

The procedure for setting up the workpiece is illustrated in Figs. 11-7 
and 11-8, A layout should be made on the workpiece before starting to 
make the setup on the lathe. The layout lines on the workpiece can be 
seen in Fig. 11-8. These layout lines define two imaginary planes which 
intersect at the axis of the hole. The setup is started by clamping the 
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Fig. 1-8. Aligning the workpiece on the angle plate. 


angle plate to the faceplate in its approximate position. The angle plate 
is clamped firmly, yet loose enough во that it can be moved about on 
the faceplate by tapping with a hammer against a piece of soft metal 
which is held against the angle plate. The lathe spindle is turned to bring 
the clamping surface of the angle plate into a horizontal position, as 
shown in Fig. 11-7, and precision parallel bars are then used to form a 
bridge over the ways of the bed. With the surface gage placed on the 
parallels, the scriber point of the surface gage is set at the height of the 
lathe axis by making it correspond to the point of a lathe center held in 
the tailstock spindle. A combination square is placed on the clamping 
surface of the angle plate, as shown. The distance that this surface falls 
below the lathe axis can then be read directly, by bringing the seriber 
point against the graduations on the combination square rule. This 
height must be checked on both sides of the angle plate, as shown. The 
readings in both of these positions must be equal otherwise correct dis- 
tance from the lathe axis to the angle plate is not obtainable. The angle 
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Courter of South Rend Lathe 


Fig. 1-9, Boring a bracket mounted to an angle plate which is held on a faceplate. 


сеш of Lamy Toela Ine 
Fig. 11-10. V-block angle plate attached to faceplate and used to hold T-shaped part. 
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plate is then adjusted until this distance is correct, after which it is se- 
curely clamped to the surface plate. The workpiece is then clamped to 
the angle plate in the approximate position in which it will be machined, 
The lathe spindle is turned until the work-holding surface of the angle 
plate is in a vertical position, as shown in Fig. 11-8, using а combination 
square to check this position. The scriber point of the surface gage is 
positioned at the height of the lathe centers as before. The location of the 
‘workpiece is then adjusted on the angle plate until the layout line, abc, 
is at the height of the surface-gage scriber point at a, b, and c. When in 
this position the setup is completed by tightening the clamps that hold 
the work to the angle plate. It would have been possible to locate the posi- 
tion of the angle plate on the faceplate by aligning the layout line that is 
perpendicular to abe with the surface gage; however, the method of doing. 
this, deseribed previously, is usually more accurate and, therefore, pre- 
ferred, 

Another setup for boring a part that is held on an angle plate is shown 
in Fig, 11-9. This angle plate is similar to those shown in Figs. 11-7 and 
11-8. It is different, however, from those shown in Figs. 11-5 and 11-6 


Courtesy of Lacey Tools Inc. 


Fig 11-11. V-block angle plate with special jaws used to hold part for drilling, facing. 
ed turning, 
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in respect to the location of the work-holding surface. The angle plate in 
Fig. 11-9 has the work-holding surface on the inside face of the angle 
plate, while the angle plates in Figs. 11-5 and 11-6 have the work-holding 
surface on the outside face. In lathe work, having this surface on the 
inside face has the advantage of allowing larger workpieces to be held 

А very convenient fixture for faceplate work is the V-block angle plate 
shown in Figs. 11-10 and 11-11. This angle plate has two surfaces at- 

hed to the body, that are 90 degrees to each other—forming a V-locat- 
ing surface. The fixed V-locator in the body is perpendicular to the face 
of the angle plate. An adjustable clamp, which also has two surfaces in 
the form of а V, is used to secure the part. The position of this fixture on 
the angle plate may be adjusted to accommodate the size and form of 
different workpieces. In Fig. 11-10, the clamp is shown in the open posi- 
tion. The workpicee in this illustration is a T-shaped part that would be 
very It to hold in any other manner. Note that the clamp is actu- 
ated by a cam. Special V-shaped jaws are used to hold the part in the 
V-block angle plate in Fig. 11-11, Two counterweights have been attached 


Comer of South Bend Lathe 


Fig. 11-12 Boriog a jig plate with a faceplate chuck. 
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to this angle plate in order to allow higher spindle speeds to be used in 
drilling this part. The part in Fig. 11-11 is being drilled, turned, and faced 
їп one setuj 

A faceplate chuck made from a standard faceplate is shown in Fig. 
11-12. Radial slots are on the face of the faceplate in which the work- 
holding clamps are placed. A series of holes is drilled and tapped in the 
center of each slot in which the socket-head cap screws that hold the 
clamps are screwed. Thus, the clamps can be placed in a number of posi- 
tions on the faceplate. These clamps do not hold the sides of the work- 
piece, which is a part of a drill jig; they clamp it against the faceplate 

Quite often it is necessary to use two separate setups to hore concentric 
holes located in the ends of a part. The principle by whieh the two holes 
can he bored concentrie to cach other is illustrated in Fig. 11-13. This 
principle can be extended to suit a variety of different workpiece con- 
figurations and sizes. First one of the holes is accurately bored to size 
and the end is faced to provide a surface on which the workpiece can be 
sented on the faeeplate. Then а convenient piece of stecl is clamped to a 
faceplate and turned to the size of the bored hole. The turned picce of 
stecl, still in plaec, now acts as a rel which is used to locate the 
workpicee on the faceplate for horing the second hole. With the workpiece 
mounted on the stub mandrel awl elamped to the faceplate, the second 
hole is bored to size. If only o | the stuh mandrel 
сап ће disearded after the job is later date a like part is to 
be machined, the stub mandrel is saved and used again by aligning it on 
the faceplate with a dial test indicator. On repetitive work, the stub 
mandrel may be a part of а more elaborate lathe fixture. 

Lathe fixtures are very often mounted on a faceplate. They may be 
very complex (sce Fig. 14-17), ог they may be very simple. On ocension, 
time may be saved and accuracy assures! by making a simple fixture to 


Fig 11-13 Principle of using » stub mandrel to locate workpiece for boring concentric 
oles. 
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Fig. 11-16. Machining а model steam-locomotive driving-wheel which is 


ic fixture in Fig, 11-14 
4 the adjacent face of the 
size. The fixture is bolted 
been bored in the fixture 


machine only one or two parts. As ai 
is used to machine th 
erank after the erankpin bi 
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is used to locate it on the faceplate hy indicating the bore with a dial test 
indicator. The ¢ ісе between this hole and the smaller hole 
used to lo irow of the crank. The erank- 
pin is lo ixture and elamped in place hy a 
setserew after the main bearing journal has been centered by the two 
screws that clamp against the sides of the counterbalance. The main 
bearing journal can then be turned to size; the fixture will locate the 
crank so that its throw will be correet. 

Longer workpieces that are mounted on 
tional support. In some e 
additional support, or the end o 


х in the small hole in the 


iceplate must have addi- 
wlyrest can be used to provide the 
ic workpiece may he supported by the 
tailstock center, as shown in Fig. 11-15. By supporting the workpiece by 
the tailstock center, the entire surface is available for machining. The 
lathe in Fig. 11-15 is а large gap-bed lathe 
n 
fascinating work of model engincering. For example, in F 


sa st 


sessory to a lathe in the 
11-16, а 
model steam locomotive driving wheel i being turned while mounted on 


dispensable 


Сенте of “Model Engineer" тарал 


Fig. 1-17. Facing a model steam-engine trusk-column casting. 


селте ol "Mode Ew, 


Fig. 11-18, Facing the fange of 


pipe which is clamped to an angle plate 
on à faceplate 


Fig 1119, Using two angle plates mounted on a faceplate to hold a small casting. 
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the faceplate of a model maker's engine lathe. In this manner, perfect 
concentrieity and perpendicularity between the turned surfaces are as. 
sured. A model steam engine trunk column casting is machined while 
attached to a faceplate in Fig. 11-17. The flange of a curved pipe is faced 
in Fig. 11-18 while attached to an angle plate that is mounted on a face- 
plate. A very ingenious setup is shown in Fig. 11-19, where two angle 
plates are used to hold the workpiece. 


chapter 12 


Screw Threads and 
Screw-Thread Measuring 


The majority of serew threads used in machine construction conform 
to some established standard. These serew-thread standards include the 
profile or cross-sectional shape of the thread, a range of screw thread 
diameters, and a standard number of threads per inch for each diameter. 
Tolerances and allowances for obtaining varying degrees of accuracy and 
different classes of fits are also included in modern screw-thread standard- 
ization. Special serew threads are used when there is some mechanical 
reason for doing so. There are two basic kinds of screw threads—locking 
ог holding threads that are used on fasteners to hold parts together, and 
power-transmission threads that are used to transmit power and motion. 
Sometimes locking threads are used to transmit motion when the power 
required is low, When this is done, however, there is considerable loss 
їп mechanical efficiency in comparison to threads designed to transmit 
power, 


Definitions of Screw-Thread Terms 


‘The definitions of the principal terms relating to screw threads are 
given below (see Fig. 12-1): 


Major Diameter—The largest diameter of a straight serew thread. The 
term major diameter applies to both internal and external threads. 
Minor Diameter—The smallest diameter of a straight screw thread 
‘The term minor diameter applies to both external and internal threads, 
Pitch—The distance from a point on a screw-thread profile to a corre- 
sponding point on the next thread profile, measured parallel to the axis. 
The pitch is equal to one divided by the number of threads per inch, or: 
1 
Ко. Threads per inch 
Pitch Diameter—The diameter of an imaginary cylinder, the surface 
of which would pass through the threads on all sides at such points as to 
make the width of the groove equal to one-half of the pitch. The pitch 
diameter is independent of the major and minor diameters. It is a measure 
of the diameter of the sloping sides of the thread profile. As such, it deter- 
an 


Pitch 
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Fig. 124, Illustration showing screw-thread terms. 


mines the size of the thread and how closely, or loosely, it fits onto its 
mating thread. 

Nominal Size—The designation used to deseribe the size of the thread. 
for purposes of general identification. For example, the nominal size of a 
¥4-ineh, 20-thread per inch, screw thread is % inch, but its actual major 
diameter for Class 2A limits might be from 4987 to 4900 inch. 

‘Actual Size—The actual measured size. 

Basic Size—The theoretical size from which the size limits are derived 
by the application of allowance and tolerance. 

Design Size—The site from which the limits of size are derived by the 
application of tolerance. 

Tolerance—The difference between the maximum and minimum limits 

е, oF the total permissible variation in si 
Allowance—An intentional difference between the maximum material 
limits of mating parts. It is the minimum clearance between freely fitting 
parts, or the maximum interference between parts having an interference 
fit. (in ISO terminology it is: Fundamental Deviation.) 

Limits of Size—These are the maximum and the minimum sizes. 

Maximum Material Limit—A maximum material limit of size is the 
‘maximum limit of size of an external dimension or the minimum limit 
of size of an internal dimension. 

Minimum Material Limit—A minimum material limit of size is the 
minimum limit of size of an external dimenson or the maximum limit of 
size of an internal dimension. 

Fit—The relationship existing between two mating parts with respect, 
to the amount of clearance or interference between them when they are 
assembled. 

Basic Form of Thread—The theoretical profile of the thread for a 
length of one pitch in the axial plane. It is the form on which the design 
forms of both external and internal threads are based. 


of 
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Design Form of Thread—The design forms for a thread are the maxi- 
mum material forms permitted for external and internal threads 

Lead—The distance that a serew thread advances axially in one turn. 
On a single thread screw the pitch and the lead are equal; on a double 
thread serew the lead is twice the pitch; on a triple thread serew the lead 
is three times the piteh, ete. 

Angle of Thread—The angle included between the sides of the thread 
measured in an axial plane. 

Lead Angle—This is the angle made by the helix of the thread at the 
pitch diameter, measured in an axial plane. 

Crest The top surface joining the two sides, or flanks, of the thread. 

Root—The bottom surface joining the two adjacent sides or flanks of the 
thread. 

Plank—The flank (or side) of a thread surface connecting erest and 
roots 

Truncation—The truncation of the root or crest of a thread is the dis- 
tance, measured perpendicular to the axis, between a sharp V-shaped root 
or crest (apex) and the cylinder which bounds the root or crest. 

Depth of Engagement—The depth of thread contact or overlap of two 
mating thread forms, measured radially. 

Crest Clearance—In a thread assembly this is the distance, measured 
perpendicular to the axis, between the crest of a thread and the root of its 
‘mating thread. 

Kight-Hand Thread—A thread with the grooves cut so that a machine 
serew or a bolt would have to be turned in a clockwise direction, when 
viewed from the head end, in order to assemble into a threaded hole, 

Left-Hand Thread—A thread with the grooves cut so that a machine 
screw or a bolt would have to be turned in a counterclockwise direction, 
‘when viewed from the head end, in order to assemble into a threaded hole. 

Multiple Thread—N thread having two or more separate 
adjacent to each other and winding around the screw in the n 
helix. The two adjacent threads eombine to produce the basic form of the 
thread. 


‘Standard Screw-Thread Forms and Systems 

‘The purpose of this section is to study the basic screw-thread forms and 
the formulas used to obtain their principal dimensions. Screw-thread sys- 
tems include, in addition to the basie serew-thread forms, specifications. 
for thread per inch corresponding to a given diameter, classes of fits, and. 
basic dimensions for each thread series. These details are found in engi- 
neering handbooks such as Machinery's Handbook. 

American Standard Unified-Thread Form. The former American Na- 
tional Form of Thread was used for many years in making most of the 
locking type threads produced in the United States. This form is prac- 
tically the same as the present standard thread form used in the United 
‘States, whieh is called the American Standard Unified-Thread Form (Fig. 
12-2). These two thread forms are completely interchangeable although 
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General Pormilat for Finding Basic Быт оов c Unified and 
American Standard Threads. 
(it = ъам cf sharp V-tivead = ебад X pitch) 


Ре = ects X pitch = H +в 
Pitch = e S ead pe inch 


Depth extemal = ooo x piten [Се enis X pitch = Я +4 


Depth internat = елми X pitch = И +6 


Plat at crest, “ -н+ 
T deos X pitch = He 
Patates [Addendum „ i 

25 X pieh 366 X pitch 


= Major Diam, сах add. 


some differences between them do exist. The principal differences relate 
to the depth of the thread and the shape of the crest and root. The depth 
of the former American National Thread Form is 64952 x pitch while 
the depth of the American Standard Unified Thresd Form for external 
threads is 61343 x pitch. The American Standard Unified Thread Form 
provides an option of either a round or а flat crest while the former Ameri- 
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con National Thread Form bas a flat erest and root. The exaet form of 
the rounding is not specified in the American Standard which, in pra 
tice, varies according to tool wear. The width of the flat at the crest and 
the root is the same for both thread forms, being .125 X pitch. Aecording 
to British specifications the root on the internal threads is rounded to а 
radius of 10825 х pitch and on the external threads, to a radius of 
14434 х pitch. The preferred American practice is to have a flat crest, 
while the preferred British practice is to have & rounded crest. The crest 
of the internal thread is fat. The angle of the thread is 60 degrees, 

The American Standard Unified Thread System—This is the system 
agreed upon by the United States, Canada, and the United Kingdom in 


Table 12-1. Coarse-Thread Series, UNC and NC—Basic Dimensions 
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order to obtain screw thread interchangeability among these nations. The 
transition of industry from the use of the former American National 
thread system to the use of the unified threads is practically completed. 

‘American Stanulord Unified Thread Series—Urifiwl treads consist of i 
Coarse-Tbread Series, Tale 13-1; в Fine-Thread Series, Table 12-2; and 
аһ Extra-Fine Thread Serios. Theee are also 4-, б-. 8. 125, 16-, 20-, 


Table 12-2. Fine-Thread Series, UNF and NF—Basic Dimensions. 


Miner Damar 
n" Peu 

КЕ тө Acn EL 
DELI ИЕ. | x 
[77] текә | Tachas | Tooker [Dew Min] [Bete 
‘genre | oa [eons анат lena) ИШ ЕТ 
ЕАБАЕЧЕ НЕНЧА ШЕ 
Skies | и риш | eee ами HE НН 
Stee | [sit м Н КЕЗ 
Т i ШЕН ЫН ШТ ШШ 
НЕЕ Шш ЫШЫ: E 
я ант зна 8 КЕҢ 

Sites п шш сни ШЫ ОП 54 
sis ны: а НЕЯ 

т m 

má Ше аз 
Sins аи: в 00189 
КЕН АНЕ Bd 

imum: oH iut 
Ее 

Ww: [E 

TTE" m 

so: d um 

NM: КН 

НН m 

КОНЕН ш 


28-, and 32-thread series, the pitch in each of these cases being constant 
or all diameters The Coarse Series is recommended for general use 
where conditione do not require a fine thread. The Fine, and Extra-Fine, 
Series are particularly useful in the automotive and aircraft industries. 
The Fine Series в also used where the length of engagement of the thea 
is short, where а smaller lead angle is desired, and where the wall thick- 
ness demands в fine pitch. The S-thread series wae originally intended 
for high-pressure-joint bolts and nuts but is now widely used as a substi- 
tute for the Coarse-Thread Senes, for diameters larger than one inch. 
The 12-thread series was originally intended for boiler practice. It is now 
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used extensively as a continuation of the Fine-Thresd Series, for diam- 
eters larger than 1% inches. The 16-thread series is used for adjusting 
collars, bearing retaining nuts, and other applications requiring a fine 
thread. It also provides a continuation of the Extra-Fine-Thread Series 
for diameters larger than 114g inch. The 20-, 28, and 32-thrend series 
have been used more or less widely in industry for various applications. 
where the Standard Coarse, Fine, or Extra-Fine Series could not be used. 
They are now given recognition as Standard Unified Thread Series in a 
specified selection of diameters for each pitch. 

Euch thread series has been given a symbol for easy identification. 
‘These are given below: 


UNC Unified Coarse Series 


given in this text 


Thread Classes Thread classes are used to specify the fit between 
‘mating threads and the tolerance to whieh the thread must be made, The. 
detailed specification for each thread is to be found in engineering hand- 
books; however, itis helpful to have a general understanding of the differ- 
ence between the classes because of the wide usage of the terms associated 
with this subject. The classes are identified by a numeral followed by a 
letter A and B. The numeral designates the class of fit, while the A desig- 
nates an external thread and the В designates an internal thread. 


Classes 14 and IR These classes are intended for ordnance work 
and other speciai applications where quick and easy assembly it 
necessary. They huve a liberal allowance to permit the parts to 
semble easily. even with slightly bruised or dirty threads. The toler- 
tances specified for the 1A, or external, threads are not the same as 
those specified for the 1B, or internal, threads 

Classes ЗА and 2B—These classes are the most commonly used for 
general applications ineluding bolts, nuts, screws, and similar fasten- 
сте, This series provides for а minimum clearance between mating 
threads to permit the threads to be assembled without being exces- 
sively loose, but slso without binding or seizing. 

Classes ЗА and SB These classes have closer tolerances than those 
provided by Classes 2A and 2B. The maximum diameter of a Class 
ЗА, or external, thread is equal to the minimum diameter of a Claes 
3B, or internal, thread. Therefore, no clearance or allowance is pro- 
‘vided for the assembly of maximum metal components and mating, 
threads will bind or fit very tightly at assembly. 
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The selection of а screw-thread class depends upon the end use of the 
threads. In almost all cases s given class of thread will be available to 
provide required fit. When the requirements for serew-thread fit cannot 
be met by a single class, it is possible to specify в proper combination of 
thread classes for the components. For example, а class 2A external 
thread may be used with а ches 1B, 2B, or 3B internal thread. 

Screw Thread Designation--Standard thread designations are given on 
drawings and specifications in order to specify a given thread. These 
specifications are frequently encountered on machine drawings, and their 
meaning should be committed to memory. The standard method of desig- 
nating a screw thread is to specify, in sequence, the nominal size, number 
of threads per inch, thread series symbol, and thread-class symbol. For 


example: 

34-20 UNC -2A 
‘This designation specifies a thread having в nominal size of %4 inch, 20 
threads per inch, and that it is a Coarse-Thread Series having a clase 2A 
tolerance for external threads. The pitch-diameter limits may also be 
designated, but are not required. The thread in the above examyle may 
be specified as follows: 


4-20 UNC-3A 
PD 02175-0247 
The additional designation specifies that the limits of size of the pitch 
diameter are 2175 to 2147 inch. 

Tt is occasionally necessary to modify the limits of sire of the major 
diameter of an external thread or the minor diameter of an internal thread 
from the limits in the standard in order to ft а special purpose, but with- 
out changing the class of the thread or the pitch diameter. In such cases 
the established thread designation is used which is followed by a state- 
ment of the modified diameter limits and the designation "MOD," For 
example: 


%-10 UNC-2A 
Major Diameter 0740-0735 MOD 

American National Thread System—There are some older drawi 
‘used in machine shop practice on which threads are specified according 
to the American National Thread System, therefore, в brief description 
of thread specifications in accordance to this system will be given. The 
designations used are: NC, NF, N-8, N-12, and N-16 which indicate 
National Coarse, National Fine, 8-pitch, 12-pitch, and 16-piteh series 
respectively. There are three classes of fits of which Class 1 is the least 
exacting, Class 2 is recommended for general use, and Class 3 is the most 
exacting. Tbe thread is designated by specifying in sequence, the nominal 
site, number of threads per inch, thread-series symbol, and thread-class 
symbol. For example, в 34 inch, 13 threads per inch thread having o 
Class 2 fit would be specified as follows: 


4-13 NC-2 
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American Standard for Unified Miniatur 
ard introduces a new thread series that is intended for general purpose 
fastening serews and similar uses on watches, instruments, and other 
mechanisms. The basie profile of this thread is identical with the Unified, 
‘and American, basie thread form except for the basie height. and depth 
of engagement which is 52 x pitch instead of .54127 X pitch. The 
cluded angle of the thread is 60 degrees and the thresd-series sytnbol is 
UNM. There are fourteen sizes, and one class of thread which has в sero 
allowance on all diameters. The basic sizes and the pitches for this thread 
are metric, although the engineering tables give the equivalent inch meas- 
urements as well as the metric. 

Amencan Standard Microscopic Objective Threads—This thread sye- 
tem is based on the thread system originated by the Royal Mieroscopical 
Society of Great Britain, known as the RMS thread. This system is used 
for mieroscopie objective mountings and for other optical assemblies of 
microscopes and associated apparatus. The basie thread form is like the 
British Standard Whitworth thread having a 55-degree angle of thread 
and rounded threads and roots. 

Interference Fit Threads Interference-ft. threads are holding threads 
in which the externally threaded member is larger than the internally 
fitted member. They are assembled by expanding the internal thread with 
the application of heat or by shrinking the external thread һу subjection 
to a low temperature. At assembly they become the same size and develop 
а great holding power by elastic compression of the members. By custom, 
these threads arc designated as Class 5, 

American Standard Acme Screw Threads—The American Standard for 
Acme Screw Threads provides for three types of Acme threads, namely 
General Purpose, Stub, and Centralizing. General Purpose Асте th 
sufficient elearanee on all diameters for free movement whereas 
threads have the clearance limited at the major diameters 
of the external and internal threads so that the threads can contact each 
Other at these surfaces in order to maintain an approximate alignment 
of the thread axis, thereby preventing the thread flanks from wedging 
‘and causing the thread to bind. There is also an alternate American Stand- 
ard for Centralizing Acme threads that. has the clearance limited on the 
minor diameter instead of on the major diameter which then acts as а 
centralizing control. The Centralizing Acme thread has a particular 
Vantage in supporting long, unsupported screws such as the lathe lend 
serew. The Stub Асте thread is used for unusual applications where, due 
to mechanical or metallurgical considerations, в coarse-pitch thread of 
shallow depth is required. 

The thread form for General Purpose Acme threads and for Stub Acme 
threads is shown in Fig. 12-3. The angle of thread is 29°, The crest corners 
‘may, as an option, be chamfered to an angle of 45” and a maximum depth 


иб where P is the pitch. For Standard Асте threads, the recommended 
combinations of pitch diameter and threads per inch are: 1-16; 4-14: 
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3-12; Wa-12; И-10; 4-8; %-6; %- d 
1%-4; 2-6; 29-3; 214-3; 24-3; 3-2; 30-2; 4-2; 44-2; 5-2. Other 
combinations can, however, be used for special applications. Three classes. 
of General Purpose threads are provided in the standard. The Claes 2G is 
the preferred elass for most general-purpose thread assemblies. If less 
backlash, or end play, between the nut and the serew is required, the 
Clase 3G or Class 4G can be used. The following examples show how 
‘Acme threads are designated on drawings and tools: 


1, 1%-4 Acme-2G indicates а Genera! Purpose Class 2G Acme 
thread of 1% inch major dismeter and 4 threads per inch, single 
thread, right hand. The same thread, but left band, would be desig- 
nated 1%-4 Acme-2G-LH. 

2 2%-04p-08L Acme-3G indicates в General Purpose Class 3G 
Acme thread of 27-inches major diameter, pitch .4 inch, lead В 
inch, double thread, right hand. 
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3. Y%-20-Stub Acme indicates a %-inch major diameter, 20 threads 
per inch, right hand, single thread, Standard Stub Acme Thread. 


‘The Acme thread is extensively used in preference to the square thread 
фесишве it is stronger and it may be eut more readily with a die or a tap 
than а square threat The split nut. on the lathe apron may be more 
rendily engaged on an Acme thread; therefore, the Acme thread is pre- 
ferred on lathe leac screws. 

Square Thread—A square thread is shown in Fig. 12-4. The square 
thread has not heen standardized and has been superseded, to a large 
extent, by the Arme throad The pitch of в square thread is usually made 
twice the pitch of an American Standard thread of corresponding diar- 
eter, The thread groove of  square-threaded serew is А х piteb. The 
{groove in the nut is made slightly larger than one-half the pitch in order 
to provide a clearance for the serew. There is also  I0-legree Modified 
Square Thread which bas an angle of threat equal to 10 degrees, This 
thread is practically equivalent to a square thread and yet is capable of 
veonomieal production. 

American Standard Taper Pipe Threads—This thread has an angle of 
thread of 60 degrées when measured in an axial plane, and the line bisect- 
ing this angle is perpendicular to the axis. The depth of the pipe thread 
is greater than the American Standard Unified Thread Form and it equals 
8 x pitch except for В threads per inch which is 788 x pitch. The 
tapering pipe thread has a мати taper of % inch per foot measured 
on the diameter und along the axis. For each size thread the length of the 
thread and the length of engagement of the two mating threads must be 
held within specified limits. These threads are designed to be self-holding, 
and self-sealing when properly assembled. It ie sometimes necessary to 
turn or to bore a pipe thread with a single-point tool on an engine lathe; 
however, most pipe threads are cut with a die or with a tap. The thread 
designation for American Standard Pipe Taper Threads is NPT. A typical 
thread specification would read 34-18-NPT. 

There are other pipe threads that are widely used for spesislised appli 
cations. These inelude: USA Standard Hose Coupling Threads; National 
Standard Fire Hose Coupling Serew Thread; American Standard Pipe 
‘Threads for Mechanical Joints; American Standard Dryseal Taper Pipe 
‘Threads for Pressure-Tight Joints; aud British Standard Pipe Threads. 


322 SCREW THREADS AND SCREW-THREAD MEASURING Ch. 12 


Fig. 12-5. Basic Form of the American Standard Buttre Berew Thrende. 


Details for the specification of these threads are to be found in the Stand- 
arde for the specifie thread, or in engineering handbooks, such as Machin- 
«ту Handbook, 

American Standard Buttress Screw Thread— The basic form of the 
thread for the American Standard Buttress Screw Thread is shown in 
Fig. 12-5. One face, or flank, of this thread i» made 7 degrees, with respect. 
to a line perpendicular to the axis, in order to resist. heavy lods placed 


45 degrees, with respect to a line perpendicular to the 
The basic depth of engagement of the thread ia б х pitch. A series of 
major diameters and a series of preferred 
the standard. Since Buttress threads are used mainly on s 
signed components, specific recommendations concerning combinations of 
these preferred diameters and pitches are not made 

Buttress threads are used to withstand heavy axial loads such as en- 
‘countered in the breech mechanism of large guns and airplane propeller 
hubs. In the past, Buttress threads were not standardized and, as а con- 
sequence, variations in small details of the basie form of the thread were 
common. A metric standard for this thread, that was used in Germany and 
Italy, did exist, This threm) is called Stigengewinde in Germany, and 
Fülettatura a Dente di Sega in Italy. 

British Standard Whitworth (48 W.) and British Stondord Fine 
(B.S.F.) Threads—The basic form of the British Standard Whitworth 
Thread is shown in Fig, 12-6. This thread was used in Great Britain for 
general machine construction. The included angle of the thread is 55 de- 
grees and the crest and root are rounded to a radius of .137329 х pitch. 
"The depth is equal to 840327 x pitch. The thread form for the British 
Standard Whitworth, designated B.S.W., and the British Standard Fine, 
designated B.S.F, are the same. The B.S.W. series corresponds to the 
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Fig 126. British Standard Whitworth Thread Porm. 


American coarse series of threads und the B.S.F. corresponds to the fine. 
series, The British Standard specifies а specific number of threads per 
inch for every nominal diameter. 

British Arsoctation Standard Thread (B.A.)—This screw-thrend sys- 
tem, shown in Fig. 12-7, is recommended for use in preference to the 
BSW. and BS.F. systems for all serews smaller than V, inch. The thread 
has an included angle of 47.5 degrees. The root and the crest of the thread 
Ate tounde. The abbreviation В.А. ia ward to designate rii Аоба. 
tion Threads, 


Metric Threads 


The size of the thread profile of all metie threads isl specified by the 
tread piteb. In contrast, the size of the profile of customny inch 
reads is specified by the threads per inch. Metric threads used in the 
United States are epecitied by the Ameriean National Standards Insti- 
tute, or ANSI. To achieve worklwkle standardisation of screw threads, 
the ANSI metric thread standard (81.13) conforms to the 180 metric 
thread standard (ISO 261), where ISO stands for International Standards 
Organization, Over 300 теше thread sizes are specified in these stan- 
aris, their major diameters ranging in size from 1 mm to 300 mi (039 
in. to 11.811 jn. 1. The threwl pitehes are named coarse, fine, nnd extra- 
fine, corresponding to the woarse, fine, nnd thread series of the 
customary inch Unified thread system. The standard metrie thread sizes 
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up to 45 mm (1.772 in) are given in Table 12-3. For application он 
serews, boite, ard nuts only 25 thread sizes are recommended by ANST, 
which are listed in Table 12-4, Controversy surrounds the M63x1 
thread, which is listed ая non-standard in this table, This thresw! com- 
pares closely to the 14-20 customary inch Unified thread, and it has cer- 
tuin other advantages: however, the contiuned use of the MG.8% 1 thread 
is uncertain. 


Table 12:3. ISO Metric Thread Sizes, to 45 mm * 
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Table 12-4, Thread Sizes Specified by ANSI, for Screws, Bolts, and Nuts, 
with Comparison to Closest Unified Inch Size 
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Metrie Thread Profile. The design profiles of external and internal ISO 
metrie threads are shown in Fig. 12-8. The key to the symbols used in. 
this illustration is given helow: 


Major diameter of external thrend 
Major diameter of internal thrett 
Piteh diameter of external thread 
[= Piteh diameter of internal thread 
Minor diameter of external thread 
Minor diameter of internal thread 
Threw deptl of external thread 
Hi Thread depth of internal thread 
P=Threait pitch 
Thread root radius. 


Allpuvee las been defined a the intentional difference in the maxi 
mum materia! Finite of two engaged threads; in 180 terminology this ie 


326 SCREW THREADS AND SCREW-THREAD MEASURING Ch. 12 


IN PRACTICE THE ROOT IS ROUNDED AND 
CLEARED BEYOND WIDTH OF Р/В 


NUT (INTERNAL THREAD) 


احم 
se A BOLT (EXTERNAL THREAD)‏ 


as 


sar 


Fi. 125. Desigo forms of ANSI and ISO meirie threw. 


called the fundomental devintion. It i provided to allow the thre 
operate freely. The formulas given below em he med to ealeiilate the 
thread dimensions of RO metric trends when the external an internal 
threads are in contact. Whereas the sine 4 depth вый the root 

fected hy the fundamental deviation, the sizes of the 
iameters will deviate slightly from Hw calculated values. The actual 
Mread diameters should he obtained from в table af ISO metrie threads, 
‘which ean be found in handbooks, such as Machinery’s Handbook ur 
World Metric Standards for Engineering hy Kverneland. 


Jus 0.613435 P 


H,- 051265 P 
R-0405P 


to 


radius ше 
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Thread Tolerance Class. In tbe ISO metrie eerew thread system, the fun- 
damental deviation ie designated hy capital letters for internal threads 
aml small letters fur external threads. The magriule of the toleranee is 
indicated hy a mimber. The combination of the tolerance number and 
the fundamental deviation letter form a tolerance class designation, 
64 or 6H. 

The thread tolerance classes of external anl internal threads determine 
their fit. There are three tolerance clasece in general use: 

For external threads: 8g. бє, and 4h (similar to Unified Class 1A, 2А, 
and 3A) 

For internal threads: 7H, GH. 
and 3B) 

The three classes of fitt are similar to the Unified Thread Classer. 
1A/1B, 2A/2B, and ЗА/ЗВ, namely 8g/7H, Og/6H, and 4h/SH, respec- 
tively. The medium fit (611/69) is approximately equivadent to the Unified 
Class 2 t (2A/2B); this fit ix used for most screw thread applications. 

Metric Thread. Designation. The ANSI standard requires that screw 
threads be specified hy а series of symbols which are explained in the 
example shown below: 


Foran external thread — M16x2~6g 
For an internal re a M16x 2- a 


4 5H (similar to Unified Class 1B, 2B, 


Metrie thrend اس‎ | pees tolerance clase 
symbol Ta 

Nominal major الاس‎ Pitch in millimeters 
in millimeters 

The 180 


coarse threads the piteh designation is omitted. A threw may Б 
to have two tolerance classes, ane for the piteh diameter and another 
for the crest diameter, which is the major diameter of the external thread 
and the minor diameter of the internal thread, In this event the thread is 
designated as shown helow: 


Claes designation for pitch diameter tolerance 
mi Class designation for crest diameter toleranec. 


M8x125- 5969 
A fit between a pair of threaded parts is indicated by the tolerance desig- 
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mation of the intern 
exter 


thread followed hy the tolerance designation of the 
I thread, separated hy a stroke; e£. 


м12х175-6///бр 


Trapezoidal Screw Threasis. The ISO metric trapezoidal thread, shown 
in Fig, 12-9, has an included angle of 30 degrees but. ix otherwise similar 
to the Acme thread, which has an included angle of 29 degrees. The 
seis forse Sr а rid dod бе, key to the symbols in Fig. 12-9 
are given below: 


‘Nominal Diameter d D (given in ISO standard) 
Thread Pitch. P — givenin 180 standard) 
Piteb Diameter. d= D, d-0.5P. 


MinorDiameter (Bolt) did 2h, 

Minor Diameter (Nut) D.-d-P 

Major Diameter (Nut) Di=d+20, 

Crest Clearance (given in 180 standard) 
Radius 

Radius 

‘Thread Height (Bolt) ВО Ра, 


‘Thread Height (Nut) 05 P +a 


These formulas will give the dimensions when the extemal and internal 
threads are in contact, In practice the diameters will deviate slightly from 
the calculated values to allow for the fundamental deviation and for the 
thread! tolerances. The uelual values ean be found in the 180 standard. 

The thread tolerance class designations for ISO metric trapezoidal 
threads are similar to the designation ured for the 60 degree thread pre- 
jouely described. However, the recommended classes are not the same. 
For threads having a normal length of engagement and a “medium” fit, a 
TH/Te fit is recommended; for a tong thread engagement an 8H/8e fit is 
recommended. The corresponding “coarse” fit would be SH/Be for à 
normal length of engagement and 9H/9e for a long thread engagement. 

180 metric trapezoidal threads are designated by the letters Tr; the 
complete stesignation of a single start trapezoidal thread is shown below: 


Foranesternalthread — Tr40x7—7e 
For an internal Ag Tr40x7— T: 

Майе Taper | [neu tolerance class 

thread desig ыы} Lot 

a Pitch in millimeters 


in millimeters 


Multiple start threarls are specified ae shown by the following exampl 
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Fig 12-1 Design fora of internal and exteruad irapesoidal threads. 


CX T. 


Trapezoidal thread |__| [o piteh in 
designation riens 
Nominal major diameter | Thread lead in 


in millimeters millimeters 


The tolerance elass may he welded to the end of the multiple start thread. 
designation in the previously shown manner. Left-hand threads are desig- 
mated by the addition of LH in parenthesis: eg, Tr 36%6—7e (LUD. A 
fit between threaded parts may be shown by the internal thread toleranco 
designation followed by the external thread tolerance designation, sepa- 
rated by a stroke; e.g., TR 40x 7 — 7H/Te 


Measuring and Gaging Screw Threads 
Measuring means to determine the exact dimension, while gaging is 
done to determine if the part is within speeificd dimensional limite. It is 
usually more diffeult and time consuming to measure an object, ine ding 
screw threade, than it is to gage the object. Sinee gaging achieves the 
Чейгей result of determining the slinensional aceeptability of a part, it is 
usually the preferred method when the cost of the gage per part to be 
examined is not excessive. Generally, the cost of making gages for low- 
volume production work is prohihitive; however, standard serew-thread 
оез are relatively inexpensive and arc often kept available in the too! 
rooms of machine shops and in tool кті die shops, Where the volume re- 
quired is large enough, and where gaging is a requirement of the customer, 
there can be по question about the sivsilabifitv of thread gages. Mes 
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ing methods of determining the acceptability of serew threads are re- 
quired in making thread gages, when making other threads to exception- 
ally high standards of accuraey, «ml when gages are not available. Some 
of the thread-measuring instruments used now sre very elaborate. This 
chapter will, however, only concern itself with measuring and gaging 
methods that are commonly used in the machine shop. 

Thread Elements to Be Inspected—Ail of the elements of a screw 
thread that are listed below are not always inspected, In many cases 
complete reliance is placed upon an inspeetion based on GO-NOT GO 
gages, or even on the “feel” of the fit between the thread ani a gage. At 
other times, threads are measured and gagel with great exactness. The 
thread elements that are subject to inspection are pitch, pitch diameter, 
lend, thread form, angle of thread, major diameter. minor diameter, taper, 
and surface finish, 

Thread Plug and Thread Ring Gages- Gaging affords а fast, reliable 
method of determining the acceptability of external and internal threads. 
"The skill required to use thread gages сап, in most cases, be acquired 
without too much difficulty. One disadvantage of gaging is that part of 
the thread tolerance must. be given to the gage in allowing for в gage- 
makers tolerance and gage wear. The practical effect of this is that, the 
thread must be made more accurate than called for by the drawing in 
order to be accepted by the gages There are often three classes of thread 
gages used in a shop: working gages. inspection gages, and master gages. 
‘The working gage is to be used on the machine in making the thread. 
The inspection gage is used by the inspector to accept or reject the finished 
product, Master gages represent the basic size of the thread. They are 
made with no allowance for wear and with the minimum gagemakers 
tolerance. These tolerances and the wear allowances of inspection und 
working gages are usually so arranged that the inspection gage will ac- 
сері any thread that the working gage will accept, and will reject any 
thread that has been rejected by the working gage. In some shops an 
additional elass of gages called setting gages is used to set thread ring and 
snap gages. 

Thread ring and snap gages are illustrated in Fig. 12-10. They are 
usually based on the GO-NOT GO principle. For example, an external 
thread is aceepted if the GO ring gages wil serew over the entire length 
of the thread and if the NOT GO gage cannot be turned onto the thread 
more than one and one-half turns. The thread is rejected if either the GO 
Bage fails to go on the thread for its entire length, or if the NOT GO gage 
сап be turned for more than one and one-half turns. The GO ring gage 
should fit onto the thread without binding, or “catching,” anywhere along 
the length of the thread. Та some shops some tightness is permitted on 
the first two threads. Thread ring gages for inspecting tapered threads 
should go on until the back face of the gage is flush with the end of the 
thread. In inspecting parallel serew-threads an attempt should be made 
to “shake” the gage endwise, and to "rock" it, in order to detect any 
looseness in the fit of the thread gage on the work. Differences in the 
effort required to turn the gage will indicate the existence of taper or a 
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Fig. 12-10. Typical thread ring and thread pluggages. 


lend error in the thread. In any ease the gage should never be forced over 
the thread. If it does not go with a light effort it should not be forced to 
ко further. If the gage loosens markedly, after it has been turned along 
the length of the thread, a more comprehensive cheek of the back se 
tion of the thread is warranted, In this case it is possible for the back 
section of the thread to be undersize without be d by the NOT 
GO gage because it will not pass over tbe front of a thread which is 
within the dimensional limits. 

A thread ring 
coil he present. For exa age will not go onto a thread, 
the rlffeulty may be due to the piteh diameter being oversize, the minor 
diameter may be oversize, or there may be dirt in the threads. The GO 
gage may pass over threads having the major diameter undorsize or errors 
in the thread form. The threads on the NOT GO ring gage have their 
roots cleared to a greater extent and their erests truncated more than the 
GO ring gages. This ie done in an attempt to assure that any contact be- 
tween the threads on the gage and the work will be on the sides of the 
threads and that other conditions will not affeet the fit, The NOT GO 
gage thus is affected only b ter of the thread. 

Regardless of its limitations, the thread ring gage is а very reliable 
method of inspecting serew thre: 
actually passes over and in The thread plug 
gaye also possesses this advantage. GO and NOT GO thread plug gages 
are used to inspect internal threads much in the same manner as thread 
ring gages are used to inspect external threads. For an internal thread to 
be accepted the СО thread plug gage must pass through the entire length 
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of the internal thread and the NOT GO plug gage miust not enter the 
threads for more than one and one-half turns. 

The Mating Part as a Gage—A very effective method of gaging н 
Screw thread on certain classes of work is to use u mating part as ш gage. 
То situations where thread gages are not available, nnd where A thread 
is being made to fit a particular machine part or a tool, using the work 
as a gage will bring about the desired fit. In this care extra care should 
ће taken to see that both threads are clean before they are assembled for 
gaging purposes. Care should also be exercised in examining the "eel" of 
the thread fit since the lower limit of the thread cannot be verified with 
а NUT GO gage. The two threads should fit together with no endwise 
shake and without binding. When no gages are available, and it is incon- 
venient to use the mating part as a gage, a bolt, сар serew, ог a nut, as the 
саве may be--that is known to have uccurate threads--can be used as в 
gage. Та many cases this method produces very acceptable results, Like 
the thread ring or plug gage, the mating part envelops and gages the 
entire thread area. Tt is not recommended, however, when threads are to 
he made to tolerances supplied by the customer. 

Thread Snap Gages—When the workpiece is turned between centers 
оп a lathe it must be removed in order to try the ring gage. Furthermore 
а certain amount of time is required to turn the ring gage on and off the 
work. The thread snap gage, Fig. 12-11, is used somewhat like a mierom- 
eter caliper and there is no need to remove the work from the lathe. It 
has two pairs of anvils that are adjusted by plug type setting gages to 
GO and NOT GO dimensions. The gage should be carefully aligned with 
the threads on the workpiece and then passed over the workpiece with а 
light pressure. It should not be forecd because the C frame can spring 
‘open enough to pass oversize threads. 

Another version of the thread snap gage is the roll thread snap gage. 
The gaging surfaces are free-turoing rolls that can move laterally in order 

ign themselves with the threads on the workpiece. The rolls are not 

y threads but. are annular rings shaped to the form of the thread, 
‘They are made to work on the GO-NOT GO principle. Indicating type 
thread comparators, Fig. 12-12. are similar in some respects to thread 
snap gages. The thread is placed between the rolls and against à back- 
stop. The vial test indicator will then read the variation in the pitch 
ameter, directly. The comparator is set to master plug gages. Care must 
be taken in order to make certain that the backstop is set во (hat the 
thread-gaging rolls contact on the true diameter of the workpiece. On 
some indicating types of thread compsrators, three sets of rolls, instead 
of two, are sod. Two lower sets of rolls ure used to nest the thread of the 
workpiece in the manner of в V-hlock. An advantage of the indicating 
type of thread gage is its ability to check oat-of-round, and taper, in the 
thread. A roll-type thread gage for inspecting tapered threads is shown 
in Fig 12. 

Optical Comparators—The optical comparator, Fig 12-14, can be used 
to make precise measurements of serew tiireads It is possible to measure 
the thread form, thread angle, major diameter, minor diameter, pitch 
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12-11. Thread snap 
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Fig. 12-12, Indicating-type thread comparator for inspecting ex 
di 


nal thread pitch- 
tere Initial setting established with a setting plug. 


diameter, piteh, and lead error in one step. The condition of the surface 
of the thread can be observed һу using the surface illuminator 

‘The optical comparator casts a licam of high-intensity light 
thread. The shadow east by the thread profile is magnified and projected 
onto а ground-glass sereen where it can be focused to form an enlarged 
silhouette of the thread. The range of magnifications available is usually 
from 5x to 250%. The thread to be measured is held in position by a 
V-block, or between centers, as in B, Fig. 12-15. The table of the projector 
сап be moved in three directions: perpendicular to the lens, parallel to 
the lens, and vertically. The table movements can be very accurately 
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Courter of Cut Industrien. Prat & Whitney Machine Төн Div. 


з. (Left) Roll-type thread gage for checking tapered thread, (Right) Roll- 
type gage for checking major diameter of a tapered thread, 


deter 
the viewing screen can be rotated 360 degrees to measure angles. The 
angle can be measured to an accuracy of one minute of arc by a vernier 


ined by a micrometer and end-measuring rods. The hairlines on 


селш of Jonee & Lamson Dion al Waterbury Fare Company 
Fig. 12-14. Optical Comparator 
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Fig. 12-18, A (Lett). Projection of a 13-piteh thread at $0 magaifestions. B (Right). 
v lead of a screw thread ов an optical comparator, 


scale. Standard thread comparison charts can be obtained as shown at A, 
Fig. 12-15. The chart may be made of plate glass, substituted for the 
viewing sereen supplied with the projector; or, it may be made from a 
vinyl plastic which is placed over the viewing sereen and held in place 
by chart elips which are attached to the projector. 

Toolmakers Microscope—Toolmakers microscopes can be used to mens- 
ure the thread form, thread angle, major diameter, minor diameter, pitch 
diameter, piteh, and lead error. The table can be moved in two perpen- 
dicular directions by precision lead-screws. The lead screws are actuated 
by micrometer thimbles that have graduations reading to an accuracy of 
0001 inch. The eyepiece can be equipped with standard reticles that have 
hairlines in the form of the thread. 

Three-Wire Method of Thread Measurement—The three-wire method 
of measuring the pitch diameter of a thread utilizes three precision wires, 
ог pins of exactly the same diameter, which are positioned in the threads 
as shown in Fig. 12-16. The size of the pitch diameter is determined by 
measuring over the wires with a micrometer caliper and by applying 
this measurement in an appropriate formula. The three-wire method is 
the accepted method of measuring the pitch diameter on precision threads, 
such as thread gages, instrument threads, ete. It is not customarily em- 
ployed in ordinary commercial work because thread gages are faster and 
easier to use. The three-wire method can be used to compare the size of 
two threads without the use of formulas. For example, suppose that a 
certain external thread must be reproduced and that there is no gage or 
mating thread available with which to inspect the new thread; one method 
would be to make a gage to fit the original thread; however, this would 
bbe time consuming and expensive. Another method would be to measure 
the original part with three wires in several places to obtain an accurate 
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representative measurement, Mf. The new thread is then made to the 
same size as M when measured over the three wires that were used to 
measure the original thread. Although this cannot be classified аз the 
three-wire method, ordinary calipers can be modified to compare the 
sizes of screw threads in a similar manner. The outside calipers are modi- 
fied by filing the points of the legs round, so that they contaet only the 
sides of the thread and not the roots. 

‘The following notation applies to the formulas for measuring threads 
by the three-wire method: 


D = Basic major outside diameter 
N = Number of threads per inch = 1 + P 
Е = Piteh diameter 
М = Dimension over wires. 
P = Pitch = 
W = Wire or pin diameter 
А = One-half of the ineluded thread angle in the axial 
plane 
A, = One-half of the included thread angle in the normal 
plane, or the plane perpendicular to the sides of the 
thi 
В = Lead angle at the pitch diameter 
L = Lead of thread 
T = Width of thread in the axial plane at diameter E. 
Formulas 12-1, 12-2, and 12-3, given here, are simplified formulas that 
do not include the effect of the lead angle. They are, however, sufficiently 
accurate for many applications involving single-thread serew threads. 
‘These equations are used for threads having the following thread forms: 
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American Standard Unified, American. 
International Metric. 
To find M, when the standard major diameter is known: 


National, British 13.0. Metric, 


M = D~ (1.5155 X P) + (3 X W) аза) 
То find M, when the pitch diameter E, is known: 

М-Е- (86603 x P) + (3 x W) (12-2) 
‘To find the best wire size: 

W = 57735 X P; or W = 57735 + N (12-3) 


The effect of the lead angle of the thread is included in Formula 12-4. 
It can be used to calculate the pitch diameter of any thread form having 
symmetrical sides (American Standard Unified and National, B.A., 
BS.W,, British 13.0. Metric, International Metric). It is recommended 
for calculating the pitch diameter for Acme and for worm threads that 
do not have an excessively large lead angle which is the case for most 
single-thread serews. Formula 12-4 is a simplification of one that is much 
more cumbersome and dificult to apply ; however, the wire diameter used 
in Formula 12-4 must be the exact wire diameter obtained in Formula 
12-4a, This, in effect, means that special wires of the size calculated from 


Formula 12-4а must be used. 
M= E + W (1 + sin Ay) (12-4) 
we хов (1242) 
cos A. 
tan A, = tan A X cos В (12-4b) 
tan B = L + 3.1416 X E аз) 
T-5xP азаа) 


Formula 12-4 combines simplicity with а degree of accuracy that meets 
all but the most exacting requirements, particularly for lead angles below 
В ог 10 degrees and for the higher thread angles. Additional equations for 
BS.W. and BS.A. threads are given below. These equations do not com- 
pensate for the lead angle; however, they do not require the use of special 
wires. Formula 12-7 gives the recommended wire size, although deviations 
from this size can be made. 

Formulas for the British Standard Whitworth Thread Form (BS.W.) 
are: 


M = D — (16008 x P) + (3.1657 x W) (12-5) 
М-Е- (9605 x P) + (3.1657 X №) (12-6) 
W = 56368P; or W = 56368 + № a27) 


Equations for the British Association Thread Form (B.A.) are: 
M = D — (17363 X P) + (34829 x W) 23) 
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М = Е — (11363 X P) + (34829 X W) (12-9) 
5 X P X see 23945 = 5462P (12-10) 


tion of the formulas for the three-wire method can best be 
following examples. 


Example 12-1 


A 14-12 UNF-3A thread is to be measured by the three-wire method. 
Calculate the dimension, M, over the three wires. 


(12-3) 
The nearest ај 
M = D — (1.5155 X P) + (3 X W) аза) 
= 1g — (1.5155 X Ma) + (3 X 050) 
= 1.5237 inehes. 


‘The thread should be cut until the measurement over the three wires 
is 1.5237 inches. 


Example 12-2: 

According to the thread standards (Machinery's Handbook, 21st Ed., 
р. 1292) for Unified Threads, the pitch diameter for the 14-12 UNF-3A 
thread must be 1.4459 inches maximum and 14411 inches minimum. Cal- 
culate the maximum and minimum measurement M, over the three wires, 


M = E ~ (86603 x P) + (3 X W) 
= E — (86603 x Мз) + (3 X 050) 
= Е- 07217 + 150 = Е + 0778 (12-2) 
Thus: 
Maus = 14459 + 0778 = 1.5237 inches 


Mes = 14411 + 0778 = 1.5189 inches 


Example 18-3: 

The pitch diameter, E, of а 32-10 Acme-2G thread is to be 436 inch 
and the lead, L, is 100 inch. Calculate the diameter of the wire, W, that 
must be used to measure this thread by the three-wire method and caleu- 
late the measurement, M, over the three wires. 


tan B = L + 3.1416 X E = 100 + 31416 X 436 = 07301 
B-aur (124e) 

tan А, = tan А X cos В = tan 14°30" X cos 4°11" 
= 25862 x 99733 = 25793 (124b) 


А. = 14°28" 
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T= 5X P= 5X 100 = 050 inch азаа) 
yy DXcosB _ 050 X cos 4°11 
cos Ay cos 45287 
050 x 99733 
— m (12-44) 
W = 0515 inch 


M = E + W (1 + sin A.) = 436 + .0515 (1 + sin 14°28") (12-4) 
= 436 + 0515 (1 + 24982) 


М = 5004 inch 


The accuracy of the three-wire method of thread measuring is affected 
by the accuracy of the measuring wires, or pins. If the accuracy of the 
pitch diameter of the screw thread gage to be measured is within .0001 
inch, it is necessary to know the diameter of the wires within 00002 inch. 
Each wire should be round, within 00002 inch, and should be straight 
within the same amount over any quarter-inch section. А set of three 
wires should have the same diameter within .00002 inch; moreover, this 
common diameter should be within the "best size” for any given pitch. 
The “best size" is one that makes contact at the pitch line at one-half of 
the thread depth. This is where any given error in the thread angle will 
have the least effect upon the measurement over the wires. If the proper 
precautions are taken, regarding wire accuracy and contact pressure of 
the micrometer, it should be possible to check plug gages within an accu- 
тасу of 0001 inch. If the wire diameters are accurate to only 001 inch, 
then the piteh-diameter measurement is not likely to be more accurate 
than 0008 inch. This, however, may be accurate enough for many classes 
of work. 

Other sources of inaccuracy, when measuring threads by the three-wire 
method, are errors in thread form and in lead. The three-wire method will 
not detect errors in thread form; and the errors in the thread form will 
cause the calculated values of the measurement over the wires, M, or of 
the pitch diameter, E, to be incorrect. Errors in lead do not cause errors 
in the measurements or in the calculations. The error in lead cannot be 
detected by the three-wire method of measuring screw threads, thus other 
methods must be used to check the lead. 

Screw Thread Micrometer—A screw-thread micrometer may be used 
for measuring the pitch diameter. This micrometer has a fixed anvil 
which is V-shaped, to fit over the thread, while the spindle is cone shaped 
at the end in order that it can enter the space between two threads. 
(See Fig. 12-17.) The anvil and the spindle make contact with the sides 
of the thread, enabling the pitch diameter to be determined. The cone- 
shaped point of the measuring serew is slightly rounded so that it will 
not bear at the bottom of the thread. There is also sufficient clearance at 
the bottom of the groove in the V-shaped anvil to prevent it from touch- 
ing at the top of the thread. When the micrometer is closed and the 60 
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Fig 12-17. Screw-thread micrometer. 


degree point B, and anvil A, are together (as shown by the diagram), the 
zero on the micrometer barrel represents a line drawn through the plane 
X-Y, and, if the micrometer is opened, say, .5 inch, this reading repre- 
Sents the distance that two such planes are apart. Hence, the micrometer 
reading represents the pitch diameter. The thread micrometer does not 
give an absolutely accurate pitch-diameter measurement as there is a 
slight error which depends upon the lead angle of the thread. Usually, 
this error is not large enough to be of practical importance. There is no 
error, however, when the thread micrometer is set to a standard gage of 
the plug type and is then used to compare the measurement over the plug 
with the measurement of the thread on the workpiece. Thread micrometers 
are made to cover a very limited range of pitches, or threads per inch, 
which is governed by the pitch of the V-shape grooves in the anvil 


CHAPTER 13 


Cutting Screw Threads on a Lathe 


Engine lathes are designed with features that are provided primarily 
for cutting serew threads. The gear ratios in the quiek-change gearbox are 
selected to enable the lathe to cut a sequence of precise serew-thread 
leads. Most engine lathes are made so that these gear ratios ean be modi- 
fied by change gears to enable metric threads, or threads having special 
leads, to be cut. The lead serew, the split nut (or half nut), and the thread 
chasing dial are built onto the lathe for the exclusive purpose of cutting 
screw threads. The compound rest has many applications among which 
is to feed the cutting tool into the work at the proper angle when cutting 
screw threads. The degree of precision that is built into the lathe enables 
it to cut very accurate threads. 

Thread cutting on a lathe is often called thread chasing. Practically 
every kind of thread сап be cut on an engine lathe. A single-point 
cutting tool is used to cut serew threads on engine lathes. This tool has the 
advantages of low initial cost, is easily ground and resharpencd, and is 
simple to sct up on the lathe. The low tooling and set-up costs provide 
ап advantage for producing screw threads on an engine lathe when the 
number of parts to be made is small. Even with larger production vol- 
umes, the lathe sometimes has an inherent advantage. For example, 
threads are cut on parts that are turned on a lathe in order to avoid an 
additional setup on another machine. Other methods of cutting serew 
threads are: Chasing threads with a threading die, tapping, thread mill- 
ing, thread rolling, and thread grinding. Although each of these methods 
has its special advantages on certain classes of work, there is still much 
thread cutting done on the lathe. 


The Single-Point Thread-Cutting Tool 

The start of a good thread is the thread-cutting tool. It must have the 
correct shape, or profile, in order to cut an accurate thread. Usually this 
shape corresponds exactly with the shape of the thread to be cut. Accu 
rate thread profiles can be ground on too! and cutter-grinding machines. 
While it is possible to grind a thread-cutting tool by hand on a pedestal 
grinder, the tools for extremely accurate threads should always be ground 
оп the cutter and tool-grinding machines. Cemented-earbide thread- 
cutting tools are usually purchased already formed to the required shape, 
as shown in Fig 13-1. High-speed steel thread-cutting tools are usually 
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Fig 13-1. Cemented carbide thresd-catng 
ground to the required shape. Whether the thread-cutting tool is ground 
to the required shape on a cutter and tool-grinding machine, or by hand, 
on a pedestal grinder, it should be carefully inspected before it is used 
Тһе design of а high-speed-steel cutting tool for cutting American 
Standard Unified and National Thread Forms is shown in Fig. 13-2. This 
tool has a 60-degree included angle and the width of the flat, F, is made 
appropriate to the piteh of the thread to be cut. View A, is à top view of. 
the tool showing the shape, or profile. An alternate shape is also shown 
The advantage of the alternate shape is that it reduces the surface area 
on the flanks of the tool which must be ground to obtain this shape, 
thereby reducing the area in contact with the grinding wheel. This, in 
turn, reduees the heat generated by the grinding wheel. It also makes it 
easier to control the tool while grinding, in order to obtain the desired 
profile. View B, is a side view of this tool, showing the angle made by the 
flat. This angle should be 10-to-17 degrees depending upon the hardness 
of the metal being cut. The right side of the tool is shown at C. This view 
is a true auxiliary projection which makes the tool appear to be "upside. 
down." Tt is an end view of the tool sighting, parallel to the left side cut- 
ting edge and it shows the relief angle below this edge. The magnitude 
of the left side-cutting edge relief angle should be 10 to 17 degrees when 
cutting right-hand screw threads. The lower value should be used when 
cutting hard materials, and for cutting soft materials the size of this angle 
is increased to 17 degrees. View D is a true auxiliary view obtained when 
sighting parallel to the right side-cutting edge of the threading tool. It 
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DETAL OF PROFILE 
Fig. 1-2 Thread-cutting tool for Ameriean Standard Unified and National Threads. 


shows the right side-cutting edge relief angle which should be 8 to 12 
degrees when cutting right-hand screw threads. The face of the thread- 
cutting tool is ground fiat, or without a rake angle. It should, however, be 
ground smooth in order for all the cutting edges to be sharp. When cut- 
ting large threads (say, 5 threads per inch, and larger), the threads are 
sometimes rough cut with a cutting tool having а side-rake of 8 to 12 
degrees, and having an included angle of 50 degrees, instead of 60 degrees. 
‘The large thread is, however, finished to size with в tool having the cor- 
rect included angle and no rake angle. 

‘An offset thread-cutting tool is shown in Fig. 13-3. This threading tool 
is recommended when it is necessary to cut close to a shoulder or close to 
а lathe dog. The offset thread-cutting tool is set at an angle, as shown. 
‘This allows it to cut ahead of the cross slide and compound rest to pre- 
vent these parts from bumping into large shoulders or the lathe dog, 
View A is the top view of the offset thread-cutting tool, showing its pro- 
file. The alternate shape shows a 5- to 15-degree “hook,” or relief, ground 
into the right side-cutting edge. The purpose of this relief is to reduce 
the area of the flank under the right sidc-cutting edge in order to facilitate 
the grinding of this surface. View B, is of the left side of this tool, showing 
the relief angle under the flat at the nose of the tool. It should be men- 
tioned, however, that View B does not show this angle in its true projec- 
tion. An end view showing the left side-cutting edge relief angle in its 
true projection is shown at E. The auxiliary View, D, is a view from the 
end of the tool, looking along the edge which is 25 degrees, with respect 
to the shank. A clearance angle of 3 to 5 degrecs is customarily ground 
below this edge. Note that both Views D and Е appear to be "upside 
down," which is in accord with drawing practi 

‘The relief angles below the cutting cdge that are recommended for 
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DETAL OF PROFILE 
Fig. 13-3. Ofset thread-eutting tool for American Standard Unified and National 
Threads. 


cemented-carbide tools should be less than those recommended for high- 
speed steel. The reason for this is that cemented carbides, while being 
harder than high-speed steel, are also more brittle, and the cutting edge 
requires the additional support provided by having smaller relief angles. 
Thread-eutting tools must be ground to have the form of the thread to. 
be cut, The relief angles below the cutting edges, however, should be essen- 
tially the same as recommended in Figs. 13-2 and 13-3. The profiles of 
other thread-cutting tools and thread forms arc shown in Figs. 13-4 
through 13-7. 

The form of the thread-eutting tool must be inspected for accuracy. 
‘Typical gages for checking the thread forms are shown in Fig.13-8, A cèn- 
ter gage, such as is used for checking lathe centers, is shown at A. This is 
used for checking the 60-degrce included angle of an American Standard 
Unified and National Thread Form. Form gages such as those in Fig. 13-8 
should be held on the same plane as the face of the thread-cutting tool, 
shown at A. If the tool is made to fit the gage when the gage is held as 
shown hy the dotted linc, the included angle will be incorrect. The center 
gag: has no provisions for checking the width of the flat at the nose of 
the tool. This can be donc with the circular thread-gage shown at B. 
Opposite cach noteh around the cireumference of the gage is stamped the 
ntmber of threads per inch for which the notches have the correct form, 
"Tae tool is first ground to the 60-degree angle. This angle is checked by 
the notch at d which has a sharp V to permit the tool to be ground to a 
sharp point. The correct width is then ground as gaged by the notch cor- 
responding to the threads per inch to be cut by the tool 

‘An Acme gage is shown at C, Fig. 13-8. This also has notches for 
different pitches or threads per inch. The thread-cutting tool is first ground 
to the correct angle using the 29-degree notch at the end of the gage, as 


2 
и 
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134. (Upper left) American Standard Acme thread-cutting-tool profile. Fig. 13-5. 

(Upper right) Square thread-custing-tool profile. Fig. 13-6. (Lower left) British 

Standard Whitworth theead-cutting-too! profile. Fig. 13-7. (Lower right) 20-degree 
‘worm thread-cutting-tool profile. 


shown at g. The width at the end of the cutting tool is then ground—using 
the appropriate shallow notch to gage this dimension—as at A. The num- 
bers opposite each notch represent the number of threads per inch. The 
angle between the side of the tool and end-width may be tested as illus- 
trated at j, This gage may also be set square with the work by placing 
опе edge of the gage against the turned surface and adjusting the tool 
until it coincides with the gage, as indicated by the dotted lines at j. 

The end width of the Acme tool may also be measured with a gear-tooth 
vernier, as shown in Fig. 13-9. The distance, A, is usually made to equal 
250 inch by setting the vertical vernier scale to this dimension. The 
width of the flat is then equal to the caliper-jaw, vernier scale reading 
minus 2 x 250 x Tangent 14°30”, or 2 х 250 x 2586 = 1293 inch. This 
can be simplified by using the following rule: The width of the end of the 
‘Acme thread tool is equal to the reading of the caliper-jaw, vernier scale 
minus 1293 inch, when the vertical scale is set to 250 inch and the caliper 
jaws touch on the side of the tool. It is, of course, assumed that the in- 
cluded angle of the tool is 29 degrees. For example, assume that the dis- 
tance A, Fig. 13-9, is 250 and when the caliper jaws are touching the 
sides of the tool, the vernier reading is 315 inch. The width of the end of 
the Асте thread-cutting tool is then 315 — 1293 = .1857 inch. 
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Fie. 188. Gages for inspecting thread-cutting tools. 


‘The optical projector, Fig. 12-14, can also be used to measure thread- 
cutting tools, This is a very accurate method and its use is recommended, 
Likewise, a toohnakers microscope can be used for this purpose. The in- 
struments provide the best method of checking thread-cutting tools when. 
they are available, 


Machine Setting—Change Gear Ratios 


Almost all modern engine lathes are equipped with quick-change gear- 
box (Fig. 6-9). The lathe is set to cut the required number of threads per 
inch by simply placing a few levers or handles in their correct position 
according to the instructions given on the chart attached to the feed- 
thread gear box. 

Many older lathes were not equipped with a quick-change gear box; 
instead, they had change gears such as shown in Fig. 13-10. The calculation 
of the change gears required to cut a given thread introduces the prin- 
ciples of gear ratios and shows, in principle, how the feed-thread gear box 
works. For this reason а study of the calculation of change gears is 
worthwhile. 

First, one must understand why a lathe cuts a certain number of threads 
per inch and how this number is changed by the use of different gears. 
As the carriage and the cutting tool are moved by the lead screw, which 
is connected by gearing with the lathe spindle, the number of threads per 
inch that are cut depends, in every case, upon the number of turns the 
work makes while the lead serew is moving the carriage one inch. If the 
lead screw has six threads per inch, it will make six revolutions while the 
carriage and the thread tool travel one inch along the piece to be threaded. 
If change gears a and c (A, Fig. 13-10) are so proportioned that the 
spindle makes the same number of revolutions as the lead serew in a given 


Ch. 13 CUTTING SCREW THREADS ON A LATHE 347 


Fig. 13-0, Measuring the end width of an Acme thread-cutting tool with vernier 
‘Beartooth caliper. 


time, it is evident that the tool will cut six threads per inch because the 
spindle has made six revolutions while the carriage and the tool have 
traveled one inch. If the spindle revolved twice as fast as the lead screw 
it would make twelve turns while the tool moved one inch, and conse- 
quently, twelve threads per inch would be cut. To obtain this difference 
in speed it is necessary to use a combination of gearing that will cause 
the lead serew to revolve only once while the lathe spindle and work 
make two revolutions. On lathes equipped with a quiek-change gear box 
this is done by the gear ratios inside the box. On lathes not so equipped, 
this is done by selecting appropriate change gears. 

For calculating change gears, the lead number of the lathe must first 
be obtained. The lead number of the lathe, also called the lathe screw 
constant, is defined as the number of threads per inch cut by the lathe 
when gears of the same size are placed on the lead screw and the spindle 
stud. (See Fig. 13-10.) This ean be determined experimentally by placing 
two, equal-size gears on the lead screw and stud, or this number is 
given on a chart accompanying the gears. The gears for any thread are 
then calculated by the following equation: 

Lead number of lathe 
Threads per inch to be cut 

_ Number of teeth on spindle stud gear, or driving gear 
Number of teeth on lead screw gear, or driven gear 
Example 13-1 

А 34-10 UNC-2A thread is to be cut on a lathe having a lead number 

equal to 6. Calculate the change gears required: 


аза) 


Lead number of lathe _ 6 _ 6X4 _ 24 _ Driving gear 
Threads per inch to be cut 10 7 10 X4 40 ~ Driven gear 
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Fig. 13-10. A.Lathe with simple gearing for thread cutting. B. Lathe with compound. 
кекп for thread cuttin. 


Note that the ratio б has not changed because it was multiplied by $ 


which is equal to 1. Furthermore, the number of tecth on the intermediate, 
or idler gear, b, which connects the stud and lead-serew gears, is not con- 
sidered because it docs not affect the ratio between gears a and с; how- 
ever, it docs affect their direction of rotation. The gearing as shown is for 
cutting right-hand serew threads. One additional idler gear (not a com- 
pound gear as at В, Fig. 13-10) is uscd between gears a and c when the 
direction of rotation of the lead serew must be reversed in order to cut 
left-hand threads. The second idler gear, like the first, affects only the 
direction of rotation and not the ratio of gears a and c 
Sometimes the change gears cannot be arranged, as shown at A, Fig. 
10, because the required gears to cut the desired threads per inch are 
ailable. In this ease it is necessary to use four gears, or compound 
gearing, as shown at В. The calculations required to determine the size 
of the compound gears are shown by the following example: 


Eram 
A 90-24 UNF-2A thread is to be cut on a lathe that has a lead number. 
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equal to 6. Caleulate the size of the change gears required to cut this 
thread by using a compound-gear ratio. 


Lead number of lathe 2x3, 2X20x (3 x 10) 
Threads per inch to be eut 24 4x 6 ~ (4 X 20) x (6 x 10) 


_ 40 x 30 _ Driving gear 


30 x 607 Driven gear 


Note again, that the original ratio at is never changed. In order to cal- 


x 
culate compound gears the ratio was changed from 3 to 2х3 and each 


10 

207 landio уль 
position of the gears should be such that the driving gears act as drivers 
and the driven gears follow the drivers. At B, Fig. 13-10, gear a is a driv- 
ing gear that drives gear b, and gear c is а driving gear that drives gear d. 
‘The gears may be positioned in any of the following combinations in 
order to eut 24 threads per inch 


20 
term is then multiplied by a ratio equal to 1; ie. (25 


Driving Gear a| Driven gear b [Driving Gear є [Driven Gear 4| 


“Teeth per gear 
[Combination 1 0 зо EJ 0 
(Combination 2 40 во ю 
[Combination 3 ю E] 40 0 
[Combination 4 30 60 40 80 


Metrie threads ean be eut on lat ing а lead serew that is dimen- 
sioned in threads per inch hy using a 127-tooth translating gear in the 
gear train connecting the headstock spindle to the lead «erew. The size of 
теше threads is specified by their piteh, Since there are 25.4 mm in an 
inch, we have: 


254 x pitch in inches=piteh in mm 


1 1 
354xpitehininches — pitch in mm. 


1 " 
Pitch in inches 


Then: 
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Threads per inch= 


Applying this relationship to Equa 


Lead number of lathe 


т О ОО 
C pühmmm 
Lesdmumberoflathe» Э Lead number of lathe x 
& piteh iu mm 
2 5x54 
Thus: 
5% Lead number of lathe x 
pitch in mm to becut _ _ Driving gears (13-2) 


Nen gears 


Example 13-3. 

А MIO% L5 thread must be eut on an inch lead serew lathe having a 
lead number of 4. Caleulate the change geare required to cut this thread 
when using a plain gear trai 


For a plain gear train: 


55 Lead number of lathe x 
pitel in mm to be eut 
177 


For a compound gear train: 


5x Lead 
piteh 


nher of lathe 
mim to be 
127 


(6x4) x (510) 
WX 10) x 127 


24x50 — Driving gears 
305127 7 Driven gears 

The lead serew thread of a lathe may be made to have a standard number. 

of threads per inch, or to have a standard pitch in millimeters, When the 

lead serew is metrie, with the thread having а standard pitch in milli- 

meters, it is necessary to know the metric lead number of the lathe in 
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order to ealeulate the change gears for cutting threads. The metric lead 
number of a lathe is the pitch in millimeters that will be cut on a part 
when equal size gears are placed on the spindle stud and on the lead 
screw (Fig. 13-10). The following equation can then be used to calculate 
the change gears to eut a thread having any pitch in millimeters 


Pitchinmmtobecut ___Driving gears 
Мене lead number of lathe ` Driven gears 
‘The driving and driven gears are defined as before. Either a plain gear 


train or compound gears may be used, depending on the available gears 
and the space on the gear train, 


asa 


Example 13- 


Calculate the change gears required to cut a M30 35 thread on a lathe 
havinga metrie lead serew and a metrie lead number of 6. 


Pitch in mm to be eut 
Metric h ber oflathe 6 

2 
a8 


required change gears ean be ealeulated by using the following equation: 
127 


Sx tiii. to be cut x metric lead number of lathe 


(13-4) 


Quick-Change Gearbox 


‘The quick-change gearbox, Fig. 13-11, is a part of the gear train con- 
necting the headstock spindle with the lead serew and the feed rod. 
Instead of using different change gears, & i only necessary to position the 
handles of the gearbox to adjust the speet ratio of the spindle and the lead 
serew in preparation for cutting a thread. The quick-change gearbox in 
Fig. 13-11 has inch-metrie ea ie. it has settings for cutting both 
neh and metric threads. The standard gears, shown in Fig. 13-12, pro- 
vide the required speed ratio between the spindle and the gearbox input 
shaft. This gear train must contain а 127-tooth translating gear in order 
to provide dual ineh- box. Dual ineh-metrie 
gearboxes can be found on lathes inch thread or à metrie 
thread lead sere. М k athes having an 
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po 


d with а trane ГЕЯ 
Cut ether inch or metric threads 


Fig. 13-1. Quick-change gearbox 
tions are provid on gearbox pl 


inch thread lead serew have settings for cutting only 
wise, many metrie thread lead serew lathes have gearboxes which have 
only metrie thread settings 


Modifying the Output of Quick-Change Gearboxes 


s when а thread 
‘ting. In thi 


pust be eut for which there is no 
it is necessary to modify the 


There arc occ 
quiek-el 
normal or sta 
installing modify nge gears to replace the standard gears normally 
used. This enables metric threads and other odd pitch threads to be eut 
оп inch thread lead serew lathes equipped with quick-change gearboxes 
having only inch thread settings. Likewise, inch and other odd piteh 
threads ean b trie thread lead serew lathes equipped with 
‘gearboxes ha Modifying change gears can 
be used for cutting odd piteh threads on lathes having a quick-change 
gearbox that ba» both ine ctrie thread settings 
The sizes of the modifying cha 

formulas gi бере 
setting of the quick-change gearbox. Many different sets of modifying 
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ig. 13-12, Translating gears for cutting metri 
‘dimensioned lead screw. The largest gear 


fon a Lathe havine an neh 
oth translating gear 


change gears can he foi 
while to make several calculations in o 
is most suitable for installation on the 1 


1 to be eut, It is usually worth- 
to fil the set of genre that 
he. The following formulas are 
hased on the type of lead serewe with which the lathe is equipped; ie 
whether the le 

Metric Threors/ Dich Lead Serew 
must be used in the modifying gear train to enable metrie threads to be eut 
оп inch thread lead-serew lathes. The formula for ealeulating these gears 
is given below 


127-tooth translating gear 


5х gearbox setting thels/in. xpiteh in mm to be eut _ Driving g 


127 Driven gears 
(13-5) 


In order to use this formula it is neces 
box setting. While any setting could he 
that are not suitable for instal 
that is close to the aetu 


to select а quick-change gear- 
scd, many would require gears 
ic lathe. Often a gearbox setting 
жай result in the calculation of 
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suitable gears. Sinee im this case ti 
threads per inch, it is advisable to eal 
threads in a one inh length, wl 
inch. 


gearbox settings are in terms of 
ulate the actual number of metrie 
h i ealled the equivalent threads per 


Equivalent thes in, 


(130 
я 13-61 


A gearbox setting that is close to the equivalent threads per inch may be 
selected. If convenient gears cannot be found by this method, a second 
method is to manipulate Formula 13-5 slightly before the gearbox setting 
seleeted, as will he shown in the following example. 


Example 13-4: 


Select the quick-change gearbox setting and caleulate the modifying 
change gears required to set up a lathe having an inch thread lead screw 
inorder to eut an M12x 1.75 thread. 


Method 1: 


Equivalent thds/in ae wi 


A 
125 


D 


45 (Use 14 thds/in.) 
5 gearbox setting in thds/in. x piteh in mın to be eut _ 5x MX175 
"TEE - ED n 
(NASA _ (STH) йу ЕЛУ) _ 70542 Driving gears 
= ох EIU 754х127 Driven gears 


Method 2: 


irbox setting in thds/in.x 1.75 
carbon ett ыш in x LT 
(6x4) x 5 gearbox 
СОО WX PX TT 
box setting in 
ET 
30x (4x gearbox setting x 1.75 
TOT MN eo 


dei 


(6x5) x (4x 


With the formula in this form, three of the required gears (30, 24, and 
127) have been found. It is now only necessary to find the fourth gear 
and the gearbox setting. A gearbox setting is selected which when multi- 
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plied by 4 and 1.75 will result in a convenient gear size. In this ease, the 
gearbox setting selected is 16 threads per ineh. Thus: 


30x (016х175) _ 30x112 _ Driving gears 


БЕ 


Odd Inch Pitch Threads/Inch Lead Screw Lathes—In order to cal- 
culate the modifying change gears to cut odd pitch threads that are 
specified by their piteh in inches, it is necessary to know the sizes of the 
standard gears, whieh ean be found by counting their tecth. Standard 
gears are those used to enable the lathe to eut the threads for whieh the 
gearbox is set; they are the gears that arc normally used. The threads on 
Worms, whieh arc used with worm gears, are among the od pitch threads 
that ean he eut by this method. Here again, itis advisable to calculate the 
actual. number of threads per inch of the odd piteh thread and to select 
а gearbox setting that is close to the calculated value. The following 
formula is used to ealeulate the modifying change gears required to cut 
these threads: 


Standard driving gearx piteh to le eut in inches 
gearbox setting in thds/in. 
Standard driven gear 


. Driving wears |, 
= Driven gears ОТ? 


Example 1 


Seleet the quick-change gearbox setting and calculate the modifying 
change gears required to eut a single thread worm having a piteh equal 
to (005 inch, The standard driving and driven gears Hoth have 48 teeth, 
1 1 
Thin = a 
Standard driving gear x pitch to be eut in inchesx 
= gearbox setting in thds/in. 
Standard driven gear 

1000) > 065x15 _ 65x15 _ 65x15x12) 
E Эюх2 — 50510525 (BY 
Driving gears 

Driven gears 

‘The procedure for ealeulating the modifying change gears using the 
formulas that follow is the same as illustrated hy the two previous 
examples. Odd pitch threas, where the piteh is given in millimeters, can. 
be eut on inch thread lead screw lathes by calculating the modifying 
change gears using Formula. 13-5, or by converting the pitch into inches 
and using Formula 13-7. Likewise, the gears for cutting odd inch piteh 


154 (Use 15 thds/in.) 
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threads can be calculated by converting the pitch into millimeters and 
using Formula 13-10. 


Odd Threads per Inch/ Inch Lead Screw Lathes— 


Standard driving pear gearbox setting in thds/in. _ Driving gears 
Standard driven gear x thás/in. to be eut. Driven gears 

(13-8) 

Inch Threads/Metric Lead Screw Lathes—A 127-tooth translating 

gear must be used to eut inch threads that are specified in terms of threads 

per inch on metrie lead-serew lathes. It is advisable to calculate the inch 

threads in terms of the pitch in millimeters and then to select а quick- 
change gearbox setting that is close to this value. 


294 
бла 


D: 


‘SX Rearbox setting т mmpichx Driven gears 
thds/in, to be cut. 


Odd Metric Pitch Threads/Metric Lead Screw Lathes— 


(13-9) 


Standard drivin 
= осем „ийт адо) 
Standard even gearx Driven ears 

gearbox setting mn pitch 


Machine Setting—Compound Rest 
In setting up the machine for cutting serew threads, the compound rest 
should be positioned to feed the cutting tool into the work at an angle, 
so that only one cutting edge forms a chip. For American Standard Uni- 
fied and National threads, or any thread having a 60-degree included 
angle, this angle should be 60 degrees with respect to the axis of the lathe 
ог 30 degrees with respect to the cross slide. Some machinists prefer to 
set the compound rest at 29 degrees, with respect to the cross slide. For 
Acme threads the compound rest should be set at 14% degrees with 
respect to the cross slide, or 75% degrees with the axis of the lathe. 


Cutting Speed for Thread Cutting 

Theoretically, the same cutting speed can be used to cut screw threads 
on an engine lathe as is recommended for turning. In practice, threads 
сап sometimes be cut at this speed. There are limitations, however, that 
are imposed by the design of the lathe, the workpiece, the lathe operator, 
and sometimes by the setup of the workpiece on the lathe, that must be 
weighed in arriving at a lathe spindle speed. Some lathes are easier to 
manipulate for thread cutting than others. For example, it is easier to 
engage the split nut over the lead screw on a 16-inch lathe with a coarse 
pitch thread than on a smaller lathe with a finer-pitch lead screw thread. 
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The cross slide can also be moved more rapidly on the 16-inch lathe be- 
cause of the coarser-pitch thread on the cross-feed serew. Fine-piteh 
threads on the workpiece can usually be cut at a faster speed than coarse- 
pitch threads. The spindle speed must often be reduced when cutting deep 
threads such as Acme, or square, threads. Often, the speed must be re- 
duced when the thread ends close to the shoulder. In some cases the setup 
of the workpiece necessitates a reduction in speed. An example of this сап 
be seen in Fig. 13-26. The skill of the operator and his familiarity with a 
particular machine must also be taken into account. 

А learner should start out by using a slow spindle speed for cutting 
threads. As skill and confidence are gained, the spindle speed of the lathe 
сап be inereased. It must be emphasized that thread cutting is not neces- 
sarily a slow-speed operation, The spindle speed should be as fast as con- 
ditions will permit, up to the limit imposed by the cutting speed recom- 
mended for the material being cut. (See Tables 7-1 through 7-5.) 


Thread-Chasing Dial—inch Lead Screw Lathes 


In order to cut, or “chase,” a complete thread on a lathe with a single- 
point tool, a number of cuts is required, each successive cut enlarging the 

'ed. The tool is with- 
drawn at the end of each cut and returned to the start of the thread at the 
tailstock end of the work. When starting the next eut the tool must enter 
the thread groove made by the first cut. One way to do this is to leave 
the split nut engaged and reverse the lathe in order to return the cutting 
tool. This method is objectionable because it is slow. It is better to dis- 
engage the split mut at the end of each cut and return the carriage by 
hand to its starting point. (Some large lathes have a power rapid traverse 
for moving the carriage. When the split nut is disengaged from the lead 
serew, the tool must be made to enter the thread groove that is being cut 
when the carriage is again engaged with the lead screw. This is the fune- 
tion performed by the thread-ehasing dial, Fig. 13-13. 

The thread-chasing dial gives a visual indication as to when the split 
nut lever should be actuated to engage the carriage to the lead screw, in. 
order to make the tool enter the thread groove. It is attached to the car- 
riage and has a worm gear that engages the lead screw. The worm gear 
will revolve when the lead screw is turning and the carriage is stationary, 
ог when the carriage is moved longitudinally, with the split nut disen- 
gaged and the lead screw stationary. When the carriage is moved by the 
lead screw, the worm gear will not revolve. A graduated dial is connected 
to the worm gear by a vertical shaft. The graduated dial is used by engag- 
ing the lead screw when one of the graduations is opposite the reference 
mark 

‘The thread-chasing dial operates on the following principle: The num- 
ber of teeth on the worm gear of the thread-chasing dial is some multiple 
of the number of threats per inch of the lead screw. The number of teeth 
оп the worm gear divided by the threads per inch of the lead serew will 
equal the number of graduations on the dial. For example, if the worm 
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Fig. 13-13. Thread chasing dial 


gear has 24 teeth and the lead serew bas 6 threads per inch, the dial 
Would have four divisions—each representing an inch of carriage travel. 
Then, if the carriage should be moved one inch with the lead screw sta- 
tionary, six teeth on the worm would be engaged by the six threads en the 
lead screw, thereby causing the worm and the connected dial to turn one- 
quarter of a turn (6 teeth + 24 teeth — % turn) which is equivalent to one 
mark or graduation on the dial since there are four equally spaced gradu- 
ations around the dial. By subdividing the dial into eight equally spaced 
graduations, each line will correspond to a carriage movement of %4 inch. 
‘The dial, therefore, will enable the carriage to be engaged with the lead 
serew at points equal to a travel of one-half inch. 

To illustrate the significance of understanding the principle of the 
thread chasing dial, assume 13 threads per inch are being cut and that the 
work is stationary with the point of the tool in a thread. The lead screw 
is disengaged and the carriage is moved % inch, or one mark on the dial. 
‘The point of the tool will be in the middle—between the sixth and seventh 
thread. It will not be in the thread groove. If the carriage were now moved 
two marks on the dial, or one inch, the tool could enter a thread groove 
again. Thus, when the number of threads to be cut is odd, the carriage 
can only be engaged when one of the four graduations, representing an 
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inch of travel, is opposite the reference mark. Suppose that ten threads 
per inch are being cut, with the work stationary and the point of the tool 
in а thread. When the lead screw is disengaged, the carriage is moved ¥4 
inch and the tool will be in a thread groove since there are 5 even threads 
in the 34-inch length of thread. Obviously, the tool will be in a thread 
groove when the carriage has moved one inch. Thus, it ean be concluded 
that the carriage сап be engaged when any mark on the dial comes oppo- 
site the index. If 114 threads per inch are to be cut, the dial must be en- 
gaged on graduations representing a two-inch movement of the carriage, 
because in this instance, there will be a whole number of threads — in this 
case 23. Thus, the split nut must be engaged at every fourth graduation, 
Since every second graduation on the dial is numbered, this would mean 
that the split nut can be engaged at numbers 1 and 3, or 2 and 4 when 
cutting threads such as 11%, 1234, 15%, ete. 

There are differences in design in thread chasing however, in 
principle they are all the same. To determine how to use a particular 
dial, simply move the carriage, longitudinally, a distance of 34 inch with 
the spindle stationary and note if the dial has turned one mark. Next, move 
the carriage one inch and note which marks on the dial represent the one- 
inch movement. Remember that even number threads per inch are cut by 
engaging the carriage at the 34-inch mark; odd number threads per inch 
are cut by engaging the carriage at the one-inch mark; and fractional 
pitches, such as 1132 threads per inch, are cut by engaging the carriage 
at two-inch marks. 


Thread Chasing Dial-Metric Lead Screw Lathes 


‘The operation of a metric thread chasing dial on a lathe having а 
metric lead serew is identical to operating a thread chasing dial on a lathe 
having thread-per-inch lead serew. The dial gives a visual signal to the 
operator to engage the split nut to the lead screw when a predetermined 
graduation on the face of the dial is opposite the index mark. When the 
lead serew is engaged in this manner, the thread cutting tool will re-enter 
the thread groove as it moves along the workpiece. Metric thread chasing 
dials differ because they require a choice of one of several gears to obtain 
the necessary relationship between the thread on the workpiece and the 
thread on the lead seres:, whereas only one gear is required on thread 
chasing dials used with inch lead serew lathes. With the metric thread 
chasing dial it is necessary to find the combination of the dial graduation 
the specifie gear that will give the desired signal. On most metric 
lathes this combination is given on a chart attached to the lathe. In 
instances where no chart is provided or the thread pitch to be cut is not 
on the chart, the thread chasing dial setting can be calculated. Depending 
оп the design of the particular dial, there may be some thread pitches 
for which the dial cannot be used. 

Although in principle all metric thread chasing dials arc the same, they 
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у be different in the details of their construction. The principle of the 
metric thread chasing dial is illustrated in Fig. 13-14. The dial is attached 
to а shaft to which a cluster of gears is also attached. Any onc of the 
five gears shown may he positioned to engage the lead screw. The com- 
bination of а particular gear in the cluster, lead-serew pitch, and dial 
graduation provides a base piteh. 

‘The hase piteh is the distance in millimeters that a carriage will t 
when the thread chasing dial rotates а cer —as determined 
by the graduations on the dinl—while the lead serew is not rotating. As- 
suming that a lathe has a lead sere with a particular metrie pitch, the 
base pitch determines if a combination of gear size (in terms of number 
of teeth) and dial graduations ean be used when cutting a given thread. 
When the quotient of the hase piteh divided by the pitch of the required 
thread is а whole number, the thread chasing dial ean be used for cutting 
the required thread. For many metric thread pitches several thread 
chasing dial settings are possible. The following formula ean be used to 
calculate the base piteh in millimeters 


Base Pite! 


No. teeth oo gears piteh of thread on lead serew 
X no. of turns of dial (13-17) 


In the formula, the number of tu 
mined by the gradu 
an example, the dial 


is of the thread chasing dial is deter- 
in the following, ma 


Using only the graduations numbered 1, 2, 3, and 4 is cqui 
turn of the dial. 

Using only the graduations numbered 1 
to 4 tur of t 

Using only one graduation (1, 2, 3, or 4) and no other graduation is 
equivalent to one turn of the dial. 


nd 3, or 2 and 4, ік equival 


Cnleulating the combination of the dial graduations to use and the gear. 
size is somewhat of a trial and error process, until a combination is found 
that will work. Moreover, it is often advisable to make several caleula- 
tions until the best combination is found, as will be shown in the follow- 
ing example, 


Example 13-8: 


Using the thread chasi 
dial graduations that ean be used when єт 
piteh of the lead serewis 6 mm. 


lial in Fig. 13-14, ealeulate the gear and the 
ng an M24 x 3 thread. The 


1. Try the 14 tooth gear using any graduation on the dial. 
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LEADSCREW 
Emm PITCH 


Fig, 13-4. Schematic drawing of а thread-chasing dial for a lathe equipped with a 
trie lead мтс 


Base Pitch 


o. teeth on gear x piteh of thread on lead serew 
X no. turns on dial 14 x 6x % = 10.5 mm 


Basepiteh _ 105 


Pitek of thread required ~ 


This combination cannot be used because the quotient of the base piteh 
divided by the piteh of the thread required is not a whole number. 


2. Try the 14 tooth gear using only the graduations numbered 1, 2, 3, 
and. 


xox% 


Bac piteh= 


Basepiteh ___% 
Piteh of thread required — 3 


сап be used sinee the quotient is a whole number. 
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3. Try the 16 tooth gear using any graduation on the dial. 
Base piteh=16x6x % 


2mm 


Basepiteh 

‘Pitch of thread required ~ 3 

This combination is preferred because the lathe operator ean use any 
graduation on the thread chasing dial. 


The significance of the hase pitch becomes apparent in the above ex- 
ample. With the lathe stopped and a particular gear engaging the lead 
screw, the base pitch is the distance that the carriage will move when the 
thread chasing dial turns a certain amount, as indicated hy the gradua- 
tions. In the example, using the 16-tooth gear, when the carriage is moved 
12 mm (one mark on the dial) the thread cutting tool will re-enter a 
thread groove. In operation, the threads on the workpiece and on the 
lend serew are rotating. Whenever the lead serew has made two complete 
revolutions (2x6 mm=12 mm), the gears on the lathe cause the thread. 
groove on the workpicee to make four complete revolutions (4x3 mm 

12 mm); therefore, the thread groove will be aligned to accept the 
thread cutting tool. 


Setting the Thread-Cutting Tool 


The thread-cutting tool must be set accurately, otherwise the form of 
the thread that is cut will be incorrect even if the tool is correctly shaped, 
Tt should be set at the height of the lathe centers. The angular relation- 
ship of the thread is obtained by holding a center gage against the work, 
ог against any convenient cylindrical surface that is parallel to the axis 
of the lathe, and comparing the sides of the threading tool with the sides 
of the 60-degree notch on the side of the center gage as shown in Fig, 13-15. 
The tool should not be jammed tightly in the 60-degree notch, Enough 
space should be left free to allow the center gage to be moved sideways so 
that each side can be checked independently of the other. It will be help- 
ful to place a piece of white paper that will reflect light underneath the 
center gage. Thread-boring tools are set in а similar fashion as is seen 
in Fig. 13-23. Acme thread-cutting tools are also set in a similar manner 
except that an Acme thread gage is used in place of the center gage. For 
ultra-precision work, especially on smaller threads, the tool setting is 
sometimes given a final inspection by cutting a thread in a piece of brass 
with the tool. The thread is then inspected on an optical comparator or 
under a toolmakers microscope. Any errors in the position of the cutting 
tool can be seen on the thread and corrected. The procedure is repeated 
until the thread form is correct. For most ordinary classes of work using 
the center gage, or the thread gage, as described, is sufficient when done 
with care. 
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Cutting the Thread 


pien] thread eutting operations on an engine lathe are shown in 
-18 and 13-17. The procedure for cutting the thread is shown in 
Figs, 13-18 and 13-19. As shown schematically in Fig. 13-18, the thread 

ross the workpiece with а single point 
tread! cutting tool that has been то c shape of the thread. Each 
successive eut enl ший it reaches the finished 
size, Before starting cach eut, the tool i» fed inward а sm: иии with 
the compound rest whieh establishes the equivalent of the feel rate, or the 
chip thickness, although this is usually ealled the depth of eut when eut- 
ting threats, With the compound rext positioned at the half-angle of the 
thread as previously exp ngle chip will form on the leading 
clie of the read eutting tool. A chi would form on both sides of the 
tool if it were fed straight in with the eross slide to establish the depth 
of cut. In passing. off, the two chips will eollide or interfere with caeh 
other, whieh са su to be rough, 


Fig. 13-15. Setting a thread-cutting tool with a center gage for cutting an American 
Standard Unified Thread Form. 
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ified thread with the workpicer held 


No schedule which would fit « сан be given for the number and 
the size of euts required to eut a thread to its finished size. The number 
of cuts and the depth of cach eut will depend on the following factors: 
1, the type, size, and elass of the thread to be eut; 2, the diameter and 
length of the thread; 3. the 1 length of the workpiece; and 
4. the workpiece material. Often the first cut is a serateh eut only 001 
inch to 003 inch (003 mm to 008 mm) deep, which is eut to cheek if 
the eorreet threads per inch are being eut. With this eut the workpiece 
will not be ruined if it is found that the required threads per inch have 
not been cut, and corrective measures сап be taken. After the scratch 
eut, several fa aken. Depending on the factors listed. 
above, these ents may be from 005 inch (0.13 mm) to 020 inch (050 mm) 
deep. As the thread groove gets larger the size of the cuts is reduced, with 
the final euts being 001 inch to 0005 inch (0.03 mm to 0.013 mm) deep. 
For example, п typical schedule of cuts that might be used to eut a 14-13 
UNC-2A thread would be: 2 euts, 010 in.; 3 cuts, 005 in.; 4 cuts, 003 in.; 
001 in. and 0005 in. cuts until the thread is finished to size. This schedule 
is based on moving the co d at 30 degrees, to set the 
tool for the depth of eut. Of course, under other circumstances this sehed- 
ule may be different 

The procedure for cu 


irly deep cuts are 


wi American Standard Unified 
thread with a single point thread cutting tool on an engine lathe is shown 
in Fig. 13-19 and tloseribed fur n this scetion. In this illustration, 
the numbers refer to the positions of the thread cutting tool; the arrows 


к a right 
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Fig 13-17. Cutting oni American Stan 
Inthe with work held im 


d Unified thread on a precision loolmakeri 
rollet chuck and оп а center 


indi 
rate the method 


ate the direction in whieh thi tool is movi 
hy whi 
movement by lead serew 


and, the letters indi- 
the tool is moved as follows; L.S, carriage 
it nut; C.S., eross slide movement; МА. 
manual longitudinal movement of carriage; amd C.R., compound rest 
slide movement 


Referring to Fig, 13-19: 


1. Start the lathe spinde. With the thread eu 
Position 1, move the eross «fad 


ing tool just left of 
inward until the tool just touches 


the workpiece. This position of the cross slide is the zero reference 
position. Before cach eut through the thread! groove, the cross slide 
must be at the zero reference position. To accomplish this, adjust 
the cross feed micrometer dial to read zero. If this cannot be done 
without moving the eros «lide from the zero reference position, 
the micrometer dial reading must be memorized or recorded. 

2. Move the thread eutting tool to Position 1 to be clear of the end 
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how 
cut the thread from start to Anish. 


Fie. 13-19. Procedure for cutting an American Standard Unified thread. Arrows indi- 
сме direction of motion: L.S. Feed by lead serew; CS. Feed by cross slide; МІ, 
Manual longitudinal feed; C.R. Compound-rest side feed. 


of the workpiece. Establish the depth of cut by moving the thread 
cutting tool inward the required distance with the compound rest. 
To obtain a preeise depth of eut setting, the compound rest mi- 
crometer dial should be used. For the first serateh cut, the depth of 
cut should he 001 inch to 003 inch (0.03 mm to 0.08 mm). 

3. The thread cutting tool is now in Position 1 and prepared to take 
а eut. Place the left hand on the eross feed crank handle and the 
right hand on the split nut lever. These positions should be main- 
tained while the tool is cutting. Watching the thread chasing dial, 


Ch. 13 CUTTING SCREW THREADS ON A LATHE 367 


Р 


10 


quickly engage the split nut lever when an appropriate graduation 
is opposite the reference mark. 

The саги necs the tool into the work to cut the thread 
groove, as shown by Position 2 Be prepared to withdraw the tool 
from the thread groove and to disengage the split nut at the end 
of the eut, 


aul of the cut, Position 3, quickly turn the cross feed 
lle to withdraw the thread cutting tool with the cross 
slide, When the tool is just clear of the thread groove, quickly dis- 
ge the split nut lever to stop the carriage movement. This 
order ean he reversed when the thread ends i а groove or neck 
cut into the workpiece to provide clearance for the tool; ie., first 
stop the carriage and then withdraw the tool, When this step has 
been completes, the tool shoul be in Position 4, clear of the 
workpicee. 

Move the earriage manually from Position 4 to Position 5. Some 
lathes have a rapid tı age feed which is used to move 
the earringe to Position 5 when long threads are cut. However, the 
operator must he ec the rapid traverse will move the 
carriage toward the tailstoe! 
When the tool is in Position 5, stop the lathe spindle and cheek to. 
see if the required threads per inch are being eut. Place a rule 
against the thread grooves and count the numbers of grooves eut 
in one inch, If available, a thread pitch gage (Fig. 13-21) may be 
used. If necessary, correct the quick-change gearbox setting. This 
step is performed only on the first cut; it is not repeated on the 
following cuts, 

At Position 5, set the depth of еш for the next eut by moving the 
thread cutting tool inward with the compound rest slide. Use the 
mieroneter dial to obtain. 
Move the cross «lide inward to the zero reference position (Posi- 
tion 1) ax determined hy the reading on the eross feed micrometer 
dial. To eliminate the effeet of the clearance between the cross 
feed seres and the nut, called backlash, the movement to the zero. 
reference position must be made with the eross slide moving inward 
toward the lathe axis, or toward the workpicee. If by accident the 
cross slide is moves! beyond the zero reference position, move the 
cross slide out il the backlash has been 
taken up, and th дїп to the zero reference position. 

The thread cutting tool is now prepared to take the next cut. 
Except for Step 7. which ix not repeated, repeat Steps 3 through 
9 until the thread is finished to size. The lathe spindle needs to be 
stopped only to measure or gage the size of the thread. 
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The size of the thread is not usually measured directly when it is in 
the process of being turned in a lathe. The procedure of bringing it to size 
is а cut-and-try procedure. The appearance of the thread will give an 
indication when it is getting close to the finish size. When it is judged to 
be close to the finish size, it is gaged with the ring gage, snap gage, or 
mating part, after each cut, until the gage fits properly as described in 
Chapter 12. Essentially the same procedure is used when measuring the 
threads by the three-wire method or with thread micrometers, 

On some engine lathes the longitudinal-feed handwheel on the carriage 
can be disengaged. This is done to avoid the influence of the unbalanced 
force on this handwheel as it rotates. This force can cause the carriage 
to feed unevenly when taking very light cuts such as when cutting threads, 
‘The uneven motion of the carriage results in errors appearing in the lead 
of the thread that is being eut; therefore, where possible, the handwheel 
should be disengaged when the carriage is engaged to the lead screw. 

When cutting threads in steel and similar metals, a good grade of cut- 
ting fluid should be used to obtain a good surface finish on the threads 
There are a good many proprietary cutting fluids. Generally lard oil or a 
heavy, sulfurized mineral oil will give good results. Threads should be 
cut in gray cast-iron without using any cutting fluid. 

When the infeed of the tool is made with the compound rest set at 29 
degrees, the right side-cutting edge rubs against, or burnishes, the "back" 
side of the thread, thereby improving its surface finish. Regardless of the 
angle of infeed, the "back" side of the thread is sometimes rough and 
must be eut with the right side-cutting edge of the tool in order to "clean 
up." The procedure for ‘cleaning up" the back side of the thread is shown 
schematically in Fig. 13-20. This must be done before the thread is to 
size because it is necessary to take several cuts through the thread groove, 
thereby enlarging it. Position 1, Fig. 13-20 shows the incompleted thread 
groove which has been cut using a 29- or 30-degree infeed of the tool. 
"The tool is moved to eut with the right side-cutting edge by backing out 


Fig 13-20. Schematic illustration of procedure for “cleaning up” the back side of 
Ке 
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the compound rest а distance of approximately .010 to .015 inch. Use the 
micrometer compound-rest feed dial to ascertain this distance and be sure 
to allow for the lost motion in the compound-rest feed screw. This is shown 
schematically in position 2, which shows the effect of this movement in 
relation to the thread. Actually, the movement is made before the cut is 
started, when the tool is clear of the thread. For the next several cuts 
the infeed of the tool is made with the cross slide which must be moved 
past the zero reference position. Positions 3, 4, and 5 show how the right 
-cutting edge cuts the "back side" of the thread as a result of feeding 
with the cross slide. When the left side-cutting edge of the tool again 
touches the "front side" of the thread, as shown at position 5, a new zero 
reference position for the cross slide is obtained by adjusting the microm- 
eter cross-feed dial to read zero or by memorizing the reading. The thread 
j then finished to ie by infeeding the cutting tol with the compound 
rest as before (posi 
Tes sometio nesnary to aliga a throa-cuting tol with an exist- 
ing thread groove. For example, this must be done if the tool has to be 
replaced before the thread is finished; or when the thread is rough cut 
with a roughing tool and finished with a finishing tool which is some- 
times the procedure used for cutting large threads. The new tool must be. 
set to а center gage and to the height of the centers as before. It is 
aligned with the thread by engaging the lead screw and turning the lathe 
forward, until the carriage has moved the tool opposite the thread grooves 
The spindle is then stopped, but the lead screw is kept in engagement. 
This motion of the carriage takes up any lost motion in both the gearing 
and the split nut. The tool is then positioned to fit into а thread groove 
by moving the cross slide and the compound rest slide until the threading 
tool, as determined visually, is positioned to a perfect fit in the thread 
groove. The movement of the compound rest slide, being at an angle, 
moves the tool both longitudinally and perpendicularly to the lathe axis, 
Errors caused by the perpendicular movement of the compound rest can 
be corrected by the movement of the cross slide until the tool fits in the 
thread groove. When the tool is accurately positioned in the thread groove, 
the reading of the cross-feed dial determines the new zero reference posi- 
tion for cutting the thread, or it can be set to read zero. The tool is then. 
withdrawn from the thread. The carriage is disengaged from the lead screw 
and again is brought to the starting position (position 1, Fig. 13-19) to 
cut the thread. 


Cutting Left-Hand Threads. 

Left-hand threads are cut by reversing the direction of rotation of the 
lead serew so that the carriage will move from left to right. The com- 
pound rest is positioned at 29 or 30 degrees; however, the position is not 
the same as that for right-hand threads. It is positioned so that the right 
side-cutting edge of the threading tool will form the chip. The left-hand 
thread-cutting tool should have a 10- to 17-degree relief angle on the 
flank below the right side-cutting edge, and an 8- to 12-degree relief angle 
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below the left-hand cutting edge. The procedure for cutting the left-hand 
thread is essentially the same as for cutting the right-hand thread except 
for the differences explained below. If possible, the part with the left- 
hand thread should be designed with а neck, or groove, ahead of the cut. 
This provides а space in which the tool can be positioned in starting the 
cut. If a neck cannot be cut ahead of the thread, the best procedure is to 
start cutting the thread manually. The zero reference position of the cross 
slide is established in the same manner as for right-hand threads. The 
infeed of the tool is made with the compound-rest slide before the start 
of each cut. The cut is started by turning the spindle by hand, with the 
carriage engaged to the lead serew. When the tool approaches the start 
of the thread it is carefully moved into the thread groove, with the cross 
slide, The cross slide is moved in until the micrometer dial reaches the 
aero reference position, while at the same time slowly continuing to turn 
the spindle manually. When the zero reference position has been reached, 
the spindle is then started, and the remainder of the thread is finish cut 
by power 


Cutting Metric Threads 

The procedure used to cut metric threads on lathes having an inch 
lead screw is different from the procedure used to cut inch threads be- 
cause the split nut must be engaged continuously from start to finish. It 
cannot be disengaged at the end of each pass because it would not be 
possible to pick up the tl in, unless the procedure previously de- 
seribed to align a thread cutting tool in an existing thread groove is used. 
‘This procedure i+ not intended to be used during the normal operation of 
thread cutting. 

When cutting a thread with a split nut continuously engaged, the 
spindle speed must be slow enough to allow the operator to have com- 
plete control over all of the lathe movements at all times. Thus, the 
spindle speed used depende upon the judgment of the operator. He should 
consider his experience in cutting metrie threads on inch lead-screw ma- 
chines, his experience on a particular machine, the ease with which а 
particular machine can be manipulated, and the size and type of thread 
being eut. All other machine settings made in preparation for cutting 
threads are the same as before, execpt that the 127-tooth translating 
gear must be used in the gear train. 

The procedure for cutting a right-hand metric thread on an inch le 
screw lathe ie given by the following steps. Refer again to Fig. 13-19, in 
which the numbers refer to the positions of the thread cutting tool and 
the arrows to the direction of tool travel; however, the letter symbols 
should be disregarded. 


1. Start the lathe spindle. With the thread cutting tool just left of 
Position 1, move the eross slide inward until the tool just touches 
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the workpiece. The position of the cross slide is the zero reference 
position. Before саев eut is started, the eross slide must be at the 
zero reference position. To accomplish this, adjust the токе feed 
mierometer dial to read zero, If this cannot be aecomplished with- 
out moving the eross slide from the zero reference position, the 
mierometer dial reading must he memorized or recorded. 

Stop the lathe spindle and move the thread cutting tool to Posi- 
tion 1. Establish the depth of eut by moving the tool inward the 
required distanee with the compound rest. To obtain a precise 
depth of eut setting, the compound rest micrometer dial should be 
used. For the first seratch eut, the depth of cut should be 001 inch 
50.003 inch (0.03 mm to 0.08 mm). 

With the thread cutting tool in Position 1, slowly turn the lathe 
spindle by hand and engage the split nut. 

The thread cutting tool is now prepared to take a eut, Plaec one 
hand оп the lathe spindle starting lever (or button) and the other 
оп the cross feed стап handle. These positions should be main- 
tained while the tool is cutting. Then start the lathe spindle. 

The carriage advances the tool into the work to ent the thread 
groove, as shown by Position 2. Be prepared to withdraw the tool 
from the thread groove and to stop the spindle at the end of the 
cut 

At the end of the eut, Position 3, quickly turn the cross feed erank 
handle to withdraw the thread cutting tool with the cross slide. 
When the tool i= just clear of the thread groove, quickly stop the 
lathe spindle. Beeause the spindle may coast before coming to а 
complete stop, the thread cutting tool must always be withdrawn 
first when cutting threads by keeping the split nut continuously 
engaged. When this step is completed, the tool should be in Posi- 
tion 4, clear of the workpiece. 


. Start the spindle rotating in the reverse direction of rotation. This 


will also reverse the direction of rotation of the leadserew causing. 
the carriage to move toward the tailstock. By this method, carc- 
fully move the earriage from Position 4 to Position 5, Then stop 
the spindle. Do not just reverse the lead serew and run the spindle 
in the forward direction to move the carriage. Some operators will 
switeh directly from forward to reverse spindle rotation. With 
practice this ean be done, but caution must be used. This procedure 
сап be hard on the lathe mechanism; and on some lathes it can 
cause the motor to overheat when done repeatedly. 

With the spindle stopped and the thread cutting tool in Position 5, 
hock to sce if the eorreet thread piteh is being eut using a шеше 
thread pitch gage, as seen in Fig. 13-21. It is not convenient to 
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‘секты of The 1- 5. менен Company 


Fig, 1341. Минсе eves se. Similar serew-piteh gages are availible for 


seule then, 


check most metric threads with a metric rule. As before, this step 
is not repeated; it is performed only after the first сш. 

9 At Position 5, set the depth of eut for the next eut by moving the 
thread cutting tool inward with tbe compound rest slide. Use the 
micrometer dial to obtain a precise setting 

10. Move the cross slide inward to tbe zero reference position (Posi 
tion 1) as determined by the reading on the eross feed! micrometer 
dial. To eliminate the effect of the backlash between the ross feed 
serow anit nut, the movement to the zero reference position must 
be made with the cross slide moving inwant toward the lathe axis. 

11. The thread eutting too] is now prepared to take the next eut, Ex- 
cept for Step 8. which is not repeated, repeat Steps 4 through 10 
until the thread is finished to size. The split nut should not be 
disengaged from the lead serew until the thread is finished and the 
job is done 


Tt ean be seen that this is a slow procedure. Tt must be used when cut- 
ting any thread that cannot be eut us chasing dial to pick 
up the thread after each eut 
lathes and inch threads eut on metric lead-serew lathes must be eut by 
this method. Most diametral piteh and module threads, and most threads 
having an odd lead must ako be eut by this method. This method must 
be used to cut some threads having an odd number of threads per inch 
(1214, 12%, ete); however, most of the more common odd thread per 
inch threads (1214, 124, ete.) ean he cut by using the thread chasing 
dial. Of course, when metric threads are eut on metric lead-serew Lathes, 
a metrie thread chasing dial ean be used. 
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Internal Threads 


Internal threads are cut with a single point cutting tool ground to the 
shape of the thread, or with a tap. The single point intemal thread cutting. 
tool may be a cemented carbi b speed sted tool hit, These 
are clamped onto а boring har as im Figs. 7-12 md 13-23. When the 
threads to be eut (о not penetrate into the bore too deeply, an intemal 
threading tool may be m: «c of solid high speed steel, whieh 
also nets as a horing bar. A typical internal thread cutting tool of this 
type made from a high speed «tee! tool hit is shown in Fig. 13-22, The re- 
cutting tools must he large enough to clear the 
the sides of the thread. 
ternal thread is to drill or bore a hole 
to a sire equal to the minor diameter of the thread. Then the lathe сап be 
set up to cut the thread. First the compound rest is tured and clamped 
in the position shown in Fig. 13-23, or 30 degrees with respect to the cross 
slide. It may also be positioned 180 degrees from this position, However, 
this may result in interference hetween the compound rest and the work- 
picce oF the chuck, unless the horing har is extended longer than neces- 
sary. The position shown in Fig. 13-23 ix the preferred position. With the 
thread cutting too! in place. the height of the eutting edge is positioned 
exactly ае the height of the lathe centers, which may he done hy com- 
paring the height of the cutting edge and tbe height of the tailstock cen- 
ter with a surface gage. U nter gage ав shown in the illustration, 
the thread cutting tool ix positioned to cut the correet thread angle оп 
the workpiece and then it is elampe in place. To complete the setup, the 
lathe i adjusted to cut the required number of threads per inch or piteh, 
whichever the case may be. 

‘The method of cutting the thread is the same as for cutting an external 
thread. Using the micrometer eross-feed dial as a reference, the cross slide 
is set at а zero reference position. After each cut, the cross slide is moved 
forward to clear the tool. After the tool is withdrawn from the bore it is 
retuned to the zero reference position, as established by the eross-fecd 


= 
м = 


Fig. 13-22 Typical internal thread-cutting tool made from a high-speed steel tool bit 
which alo лети boring аг. 
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Fig, 13-21. Setup for boring thread and method of setting thread boring tool. 


dial, in preparation for the following eut. The infeed of the tool to set the 
depth of cut for each pass is made with the compound-rest slide. The 
size of the thread is determined by the fit of a thread plug-gage or by a 
mating part. diameter holes that have threads cut deep into the 
hole are sometimes finished by running a tap through the hole. 

It is sometimes dificult to see the end of the cut when boring threads 
їп a hole, and it is dificult to tell exactly when to actuate the split-nut 
lever to disengage the carriage from the lead screw. This becomes unneces- 
sary if the lead serew fecd ean be used in feeding the tool out of the hole, 
rather than into the hole, in order to cut the thread. Left-hand threads 
сап be bored in this manner with the setup shown in Fig. 13-23; however, 
right-hand threads must be bored feeding into the hole with this setup. 
On lathes equipped with a long taper, or cam-lock spindle nose, right- 
hand threads also can be eut with the lead serew feed feeding the tool out of 
the hole by cutting the threads with the lathe spindle turning in the re- 
verse, or clockwise, direction. When this procedure is used, the lathe must 
be set up as shown in Fig. 13-24, in order to bore the thread, The thread 
is actually cut on the “back side” of the bore, as shown. The thread- 
cutting tool is positioned in the internal groove to start the cut with the 
cross slide in the zero reference position, as determined by the cross-feed 
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dial. With the lathe spindle running in reverse, the split nut is engaged 
at the proper time (determined by the threading dial), and the carriage 
is moved from left to right to bring the tool out of the bore. The infeed 
of the tool is made with the compound rest, and the cross slide is backed 
off to allow the tool to clear the threads as it reenters the hole. The cross 

slide is then positioned to the zero reference position in preparation for 
the next cut. This procedure is repeated until the thread is cut to size, 

Since the tool is clear of the work at the end of cach cut, no special care 
is required when actuating the split-nut lever to disengage the carriage 
from the feed serew. Higher spindle speeds may be used because there is 
less danger of the threading tool feeding too far into the bore. This proce- 
dure is not recommended for lathes having a threaded spindle nose bc- 
cause of the possibility of the chuck or faceplate unscrewing itself from 
the spindle. Likewise, boring bars with threaded ends cannot be used. 


LEAD SCREW 


Fiz 13-24. Alternate method of boring a right-hand thread on lathe equipped with 
tapered, or cam-lork, spindle nose 
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Iso be cut in a lathe with a tap, as shown in Fig. 
ually, but not always, threads that аге approximately 34 inch 
119 mm) and less in diameter arc eut with a tap, although on many ocen- 
sions Патет threads are t is first necessary to drill 
а hole having the correct size for the tap. The thread may then be cut 
complete with the tap. Sometimes the thread is eut undlersize with a single 
and finished with а tap. This procedure produces а uniform 
sized thread throughout the hole and reduces the torque, or effort, re- 
quired to cut the thread with the tap. 

Figure 13-25 illustrates the setup and the procedure for tapping a 
ped in a long-handle type 
p is then placed in the hole in the 
the shank end of the tap is placed! on 

lle of the tap wrench resting on the 

id from time to time when tapping, а 
wl inside of the hole, 
dry. The tapping operation is 
e lathe huek with one hand while at 
heel with the other hand to 
eause the ta through the hole, The tail- 
stock center mist nter hole of the tap as the 
нар progresses through the hole. A chuck wrench may he used as shown 
in Fig. 13-23 to provide added leverage, when required, in turning the 
chuck. While cutting, the tap is prevented from turning by the tap 
wreneh handle n compound rest. When the thread is finished 
the tap ix removed by m: huek in the opposite 
direction, Ax the tap backs out of the bole, the shank end must be con- 
tinually supported by the tailstock center. The tap is prevented from 
turning by the other handle on the tap wrench which is made to rest on 
the eross tide. 


тар 
workpicee and the 
the tailstock cent 
compound rest. Before 
suitable grade of с 
‘exept when ta 
performed by manually 
the same time turni 


Cutting Acme Threads 


for 


‘The general procedure for cutting an Acme thread is the same 
cutting a 60-degree American Standard Unified and National thread. 
Acme threading tool with а 29-degree included angle must be used. It i 

set with an Acme thread gage after the compound rest has been positioned 
at 14% degrees, with respect to the cross slide. The micrometer eross-feed 
dial is used to establish the zero reference position of the cross slide and 
the cross slide is returned to this position before starting each cut. The 
infeed of the cutting tool, in order to obtain the depth for each cut across 
the work, is made with the compound rest so that the tool will cut with 
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Fig. 13-25. Setup sad proersdure f 


only two cutting edges, namely, the right side-cutting edge and the end- 
cutting edge. If required, the “back side” of the thread can be cleaned up 
using the same procedure previously described. Many Acme threads are 
very long, as shown in Fig. 13-26. and the work must be given support 
to prevent it from being deflected by the cutting forces. A steady rest can- 
not be used when cutting the thread as in the illustration, because it would 
interfere with the movement of the carriage; therefore, a follower rest 
must be used to support the work. 


Taper Threads 

Taper threads should be cut with a taper attachment if at all possible. 
When the required taper is obtained by setting the tailstock off-center, the 
thread will not advance at а uniform rate, nor form a true helix. This 
"drunken thread," or error, is caused by the angularity between the driv- 
ing dog and the driven plate, which causes the rotating speed of the work 
to vary during each revolution. The bearing surface between the lathe 
centers and the work centers (when the tailstock is offset) is another cause 
of inaccuracy, because as the work centers wear rapidly due to the poor 
bearing surfaces, the angle of the taper is changed as the tailstock 
spindle is tightened. The amount of the error depends upon the angle of 
the taper and the distance that the centers must be offset. 

The cutting tool must be set having the included angle of the thread 
bisected by a line that is perpendicular to the axis of the work, as shown 
at A, Fig. 13-27. It cannot be set by holding the center gage against the 
tapered surface as shown at В, which would cause the form of the thread 
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i 


Fig. 13-27. Correct and incorrect postions of the tool for taper thread cutting 


that is cut to be incorrect. The taper attachment can be adjusted to the 
correct taper by placing a taper gage (not threaded) of the required taper 
between centers, A dial test indicator is fastened in the toolholder and 
the contact point of the indicator is placed against the gage at the height 
of the lathe centers, The taper attachment is adjusted until the hand of the 
indicator does not move when it is traversed from one end of the gage to 
the other. 


Cutting Multiple Threads 

The general procedure for cutting multiple threads is the same as for 
cutting single threads. Figure 13-28 shows а multiple thread and the 
method used to cut the thread. The first thread is cut as though a single 
thread were being cut, leaving the work as shown at A. When this cut 
is finished the work must be indexed one-half of a revolution (for a 
double thread) without disturbing the position of the lead serew or car- 
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riage. This will place the tool in a position to cut the second thread 
groove, centrally, between the grooves of the first thread, as indicated by 
the tool shown in dotted lines. The second groove is then eut producing a 
double thread, as shown at B. 

‘The lead, which is the distance that the thread will advance in one 
turn, is not equal to the pitch—for multiple threads. For example, in Fig, 
13-28, the pitch of the double square thread is Y, inch and the lead is 4 
inch, If this had been a triple square thread the lead would have been 3 
inch, The cutting tool must travel a distance equal to the lead per revo- 
lution of the work. In the case of multiple threads, the lathe must be set 
to cut an equivalent number of threads per inch, whieh is dependent upon 
the lead of the thread, and which is not equal to the actual number of 
threads per inch. The equivalent number of threads per inch can be cal- 
culated by the following formula: 


1 
Equivalent threads per inch = т. (13-18) 


For the threads in Fig. 13-28 the equivalent threads per inch would be: 


Equivalent threads per inch = 2 


1 
Tead 7 5 
‘The actual number of threads per inch in this case is four. 


Fie. 13-28 View showing how а double square-thread is cut. 
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The indexing, or spacing, of multiple threads ean be done in several 
different ways. One method is to disengage the gear on the stud (Figs. 
13-10 and 13-12) from the idler, or quadrant gear, and turn the stud shaft. 
а predetermined amount while the idler, or quadrant gears remain station- 
ary. The stud gear is then reassembled to the stud, in engagement with 
the idler, or quadrant, gear. The stud shaft is turned the predetermined 
amount rotating the stud gear a given number of teeth. Before starting 
to turn the stud shaft а stud-gear tooth and the mating tooth-space on the 
idler, ог quadrant, gear are marked with chalk. If the number of teeth to 
be indexed is 16, then the sixteenth tooth from the marked tooth on the 
stud is placed in the marked tooth space in the idler, or quadrant, gear. 

The number of teeth on the stud gear that must be indexed is deter- 
mined as follows: 


1, Count the number of teeth through which the stud gear is turned 
when the spindle is turned one revolution. 

2. Divide this number by the number of threads that are to be cut. 

3. The answer must be а whole number, or the stud gear must be 
changed. 


Example 13-5: 
А double thread is to be cut on a lathe having a 24-tooth stud gear. 
When the spindle is turned one revolution it is found that the stud 

gear turned through 18 teeth. 

‘The number of teeth which the stud gear must be indexed is: 


= 9 teeth 


2 


One method that can sometimes be used to obtain the spacing for mul- 
tiple threads is to engage the carriage and the lead screw and move it 
forward just far enough to eliminate the lost motion in the split nut and. 
the gearing. Attach a dial test indicator to the lathe bed of the carriage 
and place а stack of precision-gage blocks between the indicator and the 
carriage. The length of the stack of gage blocks is made equal to the pitch 
(not the lead) of the thread. Zero the indicator to the gage blocks and 
then remove the blocks. Disengage the fced-thread change handle or the 
quadrant gear (Fig. 13-12) to disconnect the lead serew from the spindle. 
Turn the lead serew manually, with the carriage engaged, until it comes 
st the dial test indicator making it read zero. Reengage the feed- 
thread change handle or the quadrant gear. The carriage can also be 
moved the required distance, using the micrometer carriage positioning 
attachment, Fig. 6-23. When multiple threads must be cut frequently, а 
special indexing faceplate, or a special tool block that accurately spaces 
the cutting tool can be used. 
The thread-chasing dial can also be used to space double threads when- 
ever the equivalent threads per inch are an odd numbered thread as, for 
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example, 5,7, 11, ete. The first thread is cut using the graduations on the 
thread-chasing dial that represent one-inch movements of the carriage, 
while the second thread is cut by the alternate graduations which repre- 
sent -inch movements of the carriage. If the equivalent threads per 
inch end in а “Yé,” such as 534, 706, 114, ete, the first thread is cut by 
any one graduation, say, number 1, and the second thread is cut by the 
graduation that represents a two-inch movement of the carriage. In the 
case of the dial shown in Fig. 13-13, this would be graduation number 3. 
Graduations 2 and 4 could also be uscd. The use of the thread-chasing 
dial as a means of spacing double threads is recommended whenever pos- 
sible. The procedure to use when the thread dial is employed to space the 
threads, is to alternately cut one thread groove and then the other so that. 
both thread grooves arc finished at nearly the same time. 


CHAPTER 14 


Turret Lathes, Production Lathes, and 
Vertical Lathes 


While engine lathe 
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Turret Lathes 

The characteristic feature of a turret lathe is the turret which is 
located at the rear of the bed in the position occupied by the tailstock 
on engine lathes. The turret has six faces, on each of which a variety of 
cutting tools can be mounted. The turret can be indexed to bring the cut- 
ting tools on one of the turret faces into a position to perform cutting 
operations on the part, while the tools on the other turrets are held con- 
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veniently out of the way. The turret lathe also has a carriage which, like 
the engine-lathe carriage, provides a cross-feed and a longitudinal-feed 
motion to the tools that are mounted on it. Turret lathes usually have two 
aprons, one for the carriage and the other for the saddle upon which the 
turret is mounted. Both of these aprons contain selective gear trains which 
provide the available feed rates. The necessary handwheels, handles, and 
levers for actuating these feeds are mounted outside of the apron. Nor- 
mally, turret lathes do not have a compound rest, although one can be 
mounted оп the cross slide, in some cases, as an attachment. The head- 
stock contains the spindle and the gears for making the spindle turn at 
the selected revolutions per minute. 

There are two basic types of turret lathe constructions, the ram type 
shown in Fig. 14-1 and the saddle type shown in Fig. 14-2. The hexagon 
turret of the ram type turret lathe is mounted on a ram slide which can 
be rapidly moved toward or away from the spindle, by the turnstile. It 
can also be fed by an automatic power feed toward the spindle. Stop 
serews provide a positive stop and an automatic disengagement of the 
longitudinal feed. When the ram is brought back, the turret is auto- 
matically indexed to bring the next face into the operating position. The 
ram slide moves easily and can be quickly handled by the operator. It 
slides on a saddle that can be fastened to the lathe bed at different dis- 
tances from the spindle. When the turret lathe is operating, however, the 
saddle is fastened to the bed and remains stationary. The carriage is pro- 
vided with both forward and reverse longitudinal and cross feeds. The 
longitudinal feed is provided with a positive stop which also disengages 
the automatic feed. The eross slide has trip dogs that disengage the auto- 
matic cross feed; however, these dogs can be passed over manually and 
the tool ean be positioned for taking a cut by reading the graduations on 
the micrometer cross-feed dial. The cross slide is a bridge type which, like 
the cross slide on an engine lathe, bridges the opening in the lathe bed 
It is finish machined on the top and sides. The top has a T-slot which 
provides an anchor for the bolts used to clamp tool blocks in place. Two 
standard tool blocks that satisfy many of the requirements are the rear 
tool post for cutting from the back side of the cross slide and the square 
turret whch is mounted in the front. The square turret can hold four dif- 
ferent cutting tools and it ean be indexed to bring the appropriate cutting. 
tool into position for taking a cut. The ram type turret lathes are usually 
smaller than the saddle type turret lathes and are generally used to ma- 
chine smaller parts. 

The saddle type turret lathe, Fig. 14-2, is usually а heavier and larger 
machine that is used to machine comparatively large parts. On the saddle 
type turret lathe the turret is mounted directly on the saddle which is 
moved longitudinally back and forth by the handwheel. It can also be 
moved back and forth by means of a power rapid-traverse. Automatic 
power feeds are used to feed the saddle toward the headstock when taking 
cuts. A stop roll, located inside of the bed, provides a positive stop and 
disengages the feed of the saddle. It can be passed over by swinging a 
master stop out of position. The turret on saddle type turret lathes must 
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be indexed by hand. It is rigidly supported by the saddle at all times, in 
contrast to the ram on ram type turret lathes, which may well overhang 
the saddle a considerable distance when taking cuts. For the lighter work 
generally donc on ram type turret lathes this is usually no disadvantage 
whereas on saddle type turret lathes, which usually take heavier euts, the 
rigid support of the saddle is а very decided advantage. Some saddle 
type turret lathes are equipped with a cross-sliding saddle, This provides. 
a cross-feed direction to the entire turret which can be used for internal 
recessing and facing operations. Standard turning and boring heads are 
shown mounted on the faces of the turret in Fig, 14-2, When these are 
removed, the face of the turret appears the same as in Fig. 14-1, The 
carriage of the saddle type turret lathe, Fig. 14-2, is generally a side- 
mounted or "side-hung" type, although a bridge type cross slide can be 
provided. The bridge, however, places a limit on the diameter of the work 
that ean be placed over it. The advantage of the side-mounted carriage is 
that the cutting too! held on this carriage is rigidly supported when turn- 
ing larger diameters. The side-mounted carriage is supported by one of the 
ways on the top of the bed and by the way that is machined on the front 
side of the bed. It ean be moved in two directions longitudinally by the 
apron handwheel, by rapid traverse, and by automatic power feed. A stop 
rod which engages а micrometer stop-roll on the carriage provides an 
accurate means of positioning the carriage in the longitudinal direction. 
It will also automatically disengage the power longitudinal feed when the 
carriage contacts the stop roll. The automatic cross feed is disengaged by 
stop dogs which can be passed over by the manual cross feed. The mierom- 
eter eross-feest dial is used to accurately position the tool for establishing, 
the depth of cut. 

Turret lathes are also classified as bar and chucking machines. Bar 
type turret lathes are used to machine parts directly from raw har stock. 
‘The bar is placed through the spindle of the lathe, One end of the bar is 
supported by a bar chuck that is held on а bar feed rack which is at- 
tached to the end of the headstock. The other end of the bar is held in a 
collet chuck which is located inside the spindle nose. When the collet 
chuck is opened, the bar stock is fed out of the spindle by the bar feed, 
against a positive stop located on one of the turret faces, The collet 
chuck is then closed and the part is made from that portion of the har 
stock protruding from the nose of the spindle. As a final operation, it is 
eut off with a cut-off tool. Chucking type turret lathes are used to hold 
the work in a three- or four-jaw chuck, on a faceplate, or in a fixture 
that is held on the faeeplate while performing the various turning and 
boring operations. Most turret lathes arc designed to be readily converted 
from one type to the other. Ram type turret lathes, particularly, can be 
readily converted for either bar work or chucking work. The work done 
on ram type turret lathes is probably equally divided between bar work 
and chucking work. Saddle type turret lathes are more frequently used to 
do chueking work. 
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Turret-Lathe Tooling and Machining Methods 

The turret lathe is capable of performing all of the operations that 
can be performed on an engine lathe. The method by which these opera- 
tions are performed on the turret lathe sometimes differs from the method 
used on an engine lathe because of the tooling that is available for use 
on the turret lathe, Most of the turret-lathe tooling is standard tooling 
that ean be used to do a variety of work. Some special tooling is also used, 
if required by the complexity of the workpiece, or if the quantities to be 
produced are large enough to warrant the extra expense necessary to ob- 
tain faster production. 

Standard turret-lathe tools are classified as chucking tools, erosslide 
tools, and bar tools. Chucking tools are held on the turret and are used 
to machine parts that are held in three- or four-jaw chucks, Typical of 
the parts marde in this way are lange gear blanks, large collars, large hush- 
ings, pulleys nel used to make parts from bar stock 
steh as stall ge shafts, stus, screw, and bolts, 
Croes-&ide tools ean he use for both clases of work. One additional 
category of tools shoul be mentione and this is work-holdling devices. 
These inchule collet e * chucks, four-jaw chucks, face- 
plates, aml special faceplate work-holding fixtures. The eutting tools are 

to thæe uses on engine lathes, The eutting speed is 
n as for 


sle-point cutting tools that are 
tially the sa weed on the cross 
slide; therefore, they will not be treated in this chapter. Attention will 
he Гота on some of the basie e attached. 
to the turret. These tools m 
illustration which shoukl be studied along with the deseriptions that 
follow 


Figure 14-3. Overhead Т 
more surfaces on the out 
toob th: 


ning. This operation consists of turning one or 

le diameter of the workpiece with enting 
«labos the workpiece aml are fed by the turret, 
held by cutter holders. one of whieh is plain, while 
the other ix adjustable. The cutter holders are bekl by a multiple turning. 
hend whieh i» mounted on a face of the turret. Several cutter holders can 
be mounted on the multiple turning bel. In Fig. 4-3, two cuts are taken 
on the outside diameter, while the end of the part is faced with a tool that 
je hell hy à square turret mounted on the crows slide 


Figure 14-4. Multiple Turning and Drilling. The multiple turning head 
сап be used to turn, while simultuncously machining the inside of the hole 
with a drill, reamer, or boring bar. In the illustration two turning cuts 
are being taken. ‘one from the square turret and the other 
by tooling mounted on the turret face. The drill shown is a core drill, used 
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Fig, 14-3. (Left) Overhead turning Fig 14-4. (Right) Mul 


ple turning and drilling. 


Fig 14-5. (Left) Boring Fig 14-6. (Right) 


^ drilling 


to enlarge a cored hole in a casting It has more cutting edges than a 
twist drill, thereby enabling a faster feed to be used; however, it cannot 
be used to open a hole from solid metal as the cutting edges do not come 
to a point. 


Figure 14-5, Boring. Boring operations are frequently performed on turret 
lathes. One method is to hold the boring bar in a slide tool that is mounted 
оп the face of the turret. The slide tool has a micrometer that is used to 
adjust the boring tool to obtain the required size of the bore quickly and 
accurately. Stops are provided on the slide tool so that the boring tool, 
when it is being withdrawn, can be backed away from the bore to prevent. 
the tool from marking the finished su; face. Boring operations can also be 
performed on turret lathes with the boring tool held by the square turret 
which is mounted on the cross slide. 
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Figure 14-8, Start Drilling. The purpose of the start drilling operation is 
to spot a true cone on the end of the workpiece which will act as a guide 
for the subsequent drilling operation. The start drill is short and stif. 
It will not deflect when starting the hole, and the coned spot will be con- 
centric with the rotation of the lathe. The drill which follows will be 
guided by this cone and will drill a hole which is also concentric. Although 
special start drills are frequently used, combination drill and counter- 
sinks, ог center drills, are also used for this purpose. 


Figure 14-7, Combination Stock-Stop and Start-Drill. The first operation 
when doing bar work is generally called stock stop. This operation con- 
sists of feeding the bar stock through the spindle until it contacts a stop 
that is held in the turret, This stop allows just the right length of bar 
stock to protrude from the face of the collet chuck in order to make the 
part. The collet chuck is closed when the bar stock comes against the stock 
stop. The stock stop shown is combined with a start drill which is with- 
drawn during the stock-stop operation, 


Figure 14-8, Spade Drilling. A spade drill is made from a flat piece of tool 
steel that is clamped to a bar-like spade-drill holder. The point of the 
spade drill is similar to the point of a twist drill, providing it with the 
ability to open holes in solid metal, Spade drills are often used to drill 
he large holes that are over one inch in diameter, Twist drills of this size 
аге too long and overhang the turret excessively, whercas the overhang, 
of spade drills is at a minimum. The blade of the spade drill can be re- 
placed, when required, without the necessity of purchasing a new spade- 
drill holder. The setup for drilling a hole with a twist drill is similar to 
Fig. 14-8, and therefore will not be illustrated. 

Figure 14- 
as shown. Т) 


Reaming. Holes are finished by reaming from the turret, 
reamer should be held in a floating reamer holder to assure 


Cousens of The Warner & Sweeny Company 
Fig 147. (Left) Combination stock-stop and start-drill. Fig 14-8 (Right) Spade 
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Fig. 14-9, (Left) Reaming. Fig. 14-10. (Right) Floating blade reamer, 


proper alignment of the reamer with the drilled hole, thereby assuring 
that the reamed hole will be straight —not tapered. 


Figure 14-10, Floating-Blade Reamers, Larger holes are often reamed 
with a floating-blade reamer. The two cutting blades of this reamer are 
allowed to float a certain amount, which provides the necessary alignment. 
to obtain a straight hole 


Figure 14-11, Tapping. Tapping can be done on a turret lathe to produce 
internal threads. The tap must be held in a releasing tap holder. To tap 
the hole the turret is advanced toward the rotating workpiece, using sufi- 
cient force at the beginning in order to make the tap start to cut the 
threads. After the threads have been started the rotation of the workpiece 
and the lead of the threads will combine to pull the tap into the hole. As 
the tap feeds through the hole the turnstile is turned by hand just enough 
to keep the turret and the tap holder moving at the same rate as the tap. 
When the forward progress of the turret is stopped, the tap holder will 
release the tap, allowing it to revolve with the workpiece. The tap is with- 
drawn by reversing the direction of the spindle rotation. 


Figure 14-12, External Threading. External threads are generally cut on 
turret lathes with self-opening die heads. As with tapping, the die head 
must be started to cut the threads. After the die has started, a light 
feeding force is used on the turnstile in order to keep the turret moving 
with the die head. When the forward progress of the turret is stopped 
the die head will snap open, thereby clearing the dies from the threads 
that have been cut. After the die head has been backed away from the 
threads it is closed by а movement of the handle in preparation for cut- 
ting the next thread. Die heads are available for cutting а wide range of 
thread sizes. 
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Fie M-H. (Left) Tapping. Fig. 14-12. (Right) External threading. 


Figure 14-13, Roller-Bar Tı 
long bar work whieh overhangs 
stock to keep it from deflecting. T 


vers. Roller-bar turners are used to turn 
ic collet. The rollers support the bar 

ollers may be mounted ahead of the 
cutting tool in onler to obtain coneentrieity between the previously 
turned diameter and the diameter being turned, The rollers are set behind 
the cutting tool, as shown, when turning the first di оп rough-har 
stock, When the rollers are set b ng tool they burnish the 
turned surface thereby improvi pearance. At the end of the cut 
the cutting tool is withdrawn from the work by moving the cutter reliev- 
ing lever, This prevents the eutting tool from marking the turned surface 
аз the roller turner head is backed off the work by the turret 


Fig. 14-13. (Left) Roller bar turner. Fig. М-М. (Right) Cut-off ope 
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Figure 14-15, Cutting ОД. After a bar part has been completely machined 
itis eut off with a cut-off tool. A convenient place to mount this tool is in 
the rear cutter-block. When held by the rear cutter-block the cut-off tool 
must be held in an upside-down position. When the space is available, 
the eut-off tool ean also be held by the square turret. 

Most work done on a turret lathe is planned in advance. Often, tooling 
layouts are made which give the operator, or the set-up man, a pictorial 
representation of the way that the machine is to be set up. Figure 14-15 
illustrates the tooling layout for machining a flange. The following se- 
‘quence of operations is used to finish the part 


1. Start to true-bore hole С, deep enough to start core drill true. 


2. Core drill hole G and rough-turn diameters А and D from turret, 
At the same time, rough-face Р and С from square turret. Face Р 
first and С last. 


3. Bore hole G, to make sure that it is concentric, 
4. Ream hole G to size, 


Figure 14-16 shows a typical ram type turret-lathe setup for doing 
bar work. A saddle type turret lathe equipped with a cross-sliding turret 
is shown machining steel gate-valve bodies in Fig. 14-17. The gate valve 
is held in a special indexing fixture that permits three ends of the valve 
body to be machined in a single chucking. The versatility of the turret 
lathe for doing a wide variety of turning jobs is demonstrated by these 
illustrations. 


come oma stamt TRUCORE о 
ove ume 
ae p 
A е үнөн тонн мар. 
ROUGH FACE rac LI RT 


Courtesy of The Warner Seavey Company 
Fie 14-15. Tooting layout for machining a lange 
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Courter of Phe Warner à бинм Company 
Fig. 14-16, Ram type turret lathe setup for bar work 


Chucking and Bar Automatics 


и anl bar automaties are high 
much ae they ean readily be 
The control on these machines are set manually. However, in operation 
they are automatic, These lathes may be equipped with numerieal control 
Some may he changed over to do either chucking or bar work and some 


»rodduetion, yet rather versatile 
up to machine different parts. 


are equipped to tura between centers. A characteristic of chucking and 
bar autom 


ties is the pentagon turret, whieh on some lathes is above 
lle. A single spindle chucking 
ime has ап overhead pentagon 
al part of a turret bar which 
indexes the turret and provides the motion parallel to the spindle axis. A 
variety of standard tooling blocks 


automatic is shown in F 
turret and two slides, T 


turret ie an inte 


holders ean be mounted on 
cach of the five turret positions to perform turning, drilling, reaming, bor: 
ing, and thread eutting operations. The two slides move perpendicular to 
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the spindle axis to act 
ing and forming operations, AIL of 
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Fie. M-19. Changing а tool in an automatic chucker. 
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e.g, itis possible for several turning tools to be cutting different diameters 
while at the same time drilling, reaming, or boring a hole. A typical opera- 
ited in Fig. 14-20, where the large 


tion on a chucking automatic is illust 
steel castings shown in the foreground are being machined 

A single spindle bar automatic is shown in Fig. 14-21, This machine has 
three slides, the additional slide being used to actuate a eut-off tool. Bar 
stock from whieh the part is made is contained inside of the spindle and 
held by a collet chuck. In operation the stock is fed out against a stock 
stop and clamped by a collet-type chuck. The protruding portion of the 
har is machined to the part configuration and then it is cut off, after 
whieh the finished part falls into a chute 

Much of the tooling on these machines, such as chucks, tooling blocks, 
and toolboklers, is standard tooling that can be obtained from the 


Fig. 14-20. Machining heavy castings in an automatic chucker. 
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Fig. 14-21. А single-spindle automatic bar machine 


builder. Rather frequently the standard universal chucks re- 
quire special jaws to grip the workpiece. For some work special work- 
holding fixtures must be designed and b 


- 


Production Lathes 

A typical automatic production lathe is shown in Fig. 14-22. These 
machines are used for high-volume repetitive work such as is encoun- 
tered in the automotive industry. The tooling used on these machines is 
specially designed to do one particular job with great efficiency. A typical 
setup which is used to machine front and rear automotive brake drums 
is shown in Fig. 14-23. A special back-facing attachment is located inside 
the work-holding fixture for facing the mounting face of the brake drum. 
The front tool-slide turns and bores the other end of the drum. All turn- 
ing and boring operations are completed on this machine in one setup. 
No great amount of skill is required to operate an automatic production 
lathe; however, the planning of the operations, the layout of the tooling, 
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Fig. 14-22 Automatic production lathe 


and the design of the tooling do require skill and experience of the 
highest order. 
Vertical Lathes 

The vertical lathe, 


s а vertical boring mill, has a 
cireular table which revolves about a vertical axis so that the work-hold- 
ing surface is horizontal, thus making it comparatively easy to place and 
hold large circular parts in position (See Fig. 14-24.) The two large 
vertical housings are connected together at the top by a bridge, to pro: 


which the eross rail is mo ross rail сан be 


djusted to any 


desired height above the top of the circular table. Tt is not, however, set 
in motion to take а cut. Two saddles, mounted on the cross rail, can be 
moved along the length of the cross rail. Tool bars, which have a vertical 


movement, are mounted on each saddle. They can also be swiveled on the 
saddle to provide an angular movement. Tool blocks for holding cutting 
tools are located at the ends of the tool bar. The vertical orientation of 
the tool bars allows them to be made small enough to do boring opera- 
tions without deflecting due to their own weight. Many vertical boring 
mills are equipped with a pentagon turret, in which ease they are usually 
called vertical turret lathes. A vertical turret lathe is shown in Fig. 14-25 
machining а large fan exit-case of a jet engine. The pentagon turret 
provides five tooling stations on each of which one or more cutting tools 
сап be mounted. Both vertical boring mills and vertical turret lathes сап 
be equipped with a side head which can be seen in Fig. 14-25. The side 
head can move in a vertical direction by sliding over the ways of the 
right-hand column. The side-head arm moves in a horizontal direction, 
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сөө ofthe Ошма Machine Company 
Fig. 14-28, Automatic production lathe tooled to produce automotive brake drums 


‘The cutting tools mounted on the side head ean, therefore, move parallel 
and perpendicular to the surface of the faceplate 

Workpieces can be bolted directly to the faceplate or they can be 
held by chuek jaws. The chuck jaws operate independently of each other 
in a manner similar to four-jaw chucks, Figure 14-26 shows a cable hoist 
drum being machined on a vertical turret lathe. The workpiece is held 
by four-chuck jaws while simultaneous cuts are taken by tools held by 
the pentagon turret and the side head. Special work-holding fixtures, 
such as shown in Fig. 14-27, are sometimes used to hold the work. This 
workpiece is very thin and is apt to distort and vibrate when being cut. 
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Fig. 14-25, Vertical turret lathe machining jet-engine part. 
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ed on a vertical turret lathe 


Fig. 1426. Cable hoist drum being mac 


The fixture must also hold the part without distorting it. The part is 
firmly clamped to the base of the fixture. The snubbers at the top help to. 
support the work against distortion due to the cutting forces, and they 
help to prevent vibration or chatter from occurring. 

Vertical lathes are used to hold workpieces that can be more conven- 
iently clamped to a horizontal surface rather than to a vertical surface 
They are used to machine surfaces that he use of a long, extended 
bar to hold a cutting tool that cannot be supported at two ends. The ad- 
vantage of the vertical lathe in su s that the long bar—say, 
а boring bar—does not defect under its own weight when it is hung in a 
vertical position. The vertical lathe is also often used in preference to 
other machine tools when large, internal, facing cuts are required; when 
very large diameter holes are to be bored; and when both large-diameter 
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Special work-holding fixture and tooling blocks on vertical turret lathe 


boring and facing cuts are required on the same part. Of course, cylindrical 
turning and facing cuts on outside surfaces can also be conveniently 
taken on these machines. Many vertieal lathes are equipped with numer- 
ical controls or with tracer controls which add to their versatility. The 
vertical turret-lathe in Fig. 14-25 is equipped with tracer controls on the 
turret and on the side heads, enabling it to cut angles and complex con- 
tours. The machine in Fig. 14-26 is equipped with a numerical-control 
system, 


chapter 15 


Precision Hole Location — The Jig Borer 


The problem of precision hole location is encountered by all eraftsmen 
who are engaged in precision machine-tool work. Many holes in precision 
machine and engine parts, jigs, fixtures, and metal stamping dies must be 
machined to very close tolerances with respect to their diameters and their 
location on the workpiece. The hole-locating methods previously treated 
in this book satisfy the accuracy requirements for most ordinary holes; 
however, when the location of a hole must be very precise, other methods 
must be used. 

Precision hole-location methods have been developed over the years 
by skilled craftsmen such as elockmakers, instrument makers, toolmakers, 
and machinists, Some of these methods are still used upon occasion and 
will be described later, in this chapter. An engineering solution to the 
precision hole-locating problem was the development of the jig borer 
which occurred at the end of World War I, independently, both in the 
United States and Switzerland. This machine tool is designed to machine 
holes that are precise, with respect to diameter and location. A bank of 
jig borers at work is shown in Fig. 15-1. Just prior to World War П, а 
further step was taken by The Moore Special Tool Company, when they 
developed the jig-grinding machine which is used to locate and grind 
holes in hardened metals to extremely close tolerances. More recently, 
coordinate measuring machines have been developed to accurately meas- 
ure the location of holes. 


Coordinate Dimensions 

‘The coordinate system of dimensioning is used on drawings for jig- 
borer work. This system of dimensioning is designed to be compatible 
with the coordinate axes of movement available on the jig borer. Other 
machines, particularly numerically controlled machines, are also designed 
to have table movement that is compatible with the coordinate axes of 
the coordinate dimensioning system. These dimensions are normally 
placed on the drawing by the draftsman; however, the machinist or the 
toolmaker is occasionally required to do this at the machine. It is worth- 
while to learn the principles involved. 

In the coordinate dimension system all dimensions are given from two 
reference axes that are perpendicular to each other. The position of these 
axes sometimes corresponds to the side of the workpiece, as at B, Fig. 
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Fie. 164. Jig borers and jig gr 


in a temperature-controllil. tooiroom. 


15-2; although this is not always the case. At A, Fig. 15-2, the dimensions 
are drawn in the conventional manner, while at B, they are drawn using 
the coordinate dimension system. Having the top edge and the left edge, 
ог the upper left-hand corner, act as a reference surface, agrees with the 
positions of the seales on many jig borers, although there are some differ- 
ences in this respect. The dimensions for the coordinate system for parts 
to be jig bored is usually given to 0001 inch. T. es are usually not 
specified, for it is understood that the jig-borer operator will locate each 
hole to the limit of accuracy of the machine. This is the accepted prac- 
tice for tool and die work. The dimensions can be transferred from the 
conventional system of dimensioning to the coordinate system by simply 
adding or subtracting, as shown in Fig. 15-2. A discussion of how toler- 
исе are affected when transferring from the conventional to the coordi- 
nate system of dimensioning is given at the end of this chapter. 


Boring 

Because of its importance in precision hole location, a review of the 
boring process is helpful at this t , the boring tool shown 
is rotating about the axis of the spindle of а jig-boring machine. The 
point of the cutting tool is always the same distance from the axis of 
rotation of the spindle; therefore, the cylindrical surface of the hole that 
is generated must be concentric with the axis of the spindle. For this 
reason, single-point boring is the most accurate method of finishing holes 
in metals that can be cut with single-point cutting tools. 
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Fig. 15-2. (Top) А. Conventional dimensions. (Bottom) B. Coordinate dimensions, 


‘The boring tool shown in Fig. 15-3 is held in an offset boring-head 
which can be very accurately adjusted, radially toward or away from the 
center of rotation, in order to bore holes of different diameters. With 
normal саге it is not dificult to bore a hole to a tolerance in the order 
of “tenths,” (0001 in. or 0.002 mm) with a precision boring-head. 

1f the hole that was originally drilled is not concentric with the axis 
of the spindle, the boring tool will take a heavier cut on one side of the 
hole than on the other side. The unequal cutting force created by this 
cut will deflect the bar more on the side where the heavier cut is taken, 
thereby causing the bored hole to be eccentric with respect to the axis 
of the spindle. This effect can be eliminated by grinding the boring tool 
correctly, by using a sharp tool, and by taking light cuts when finishing 
the hole to size. 

In the situation just described, the boring tool was-rotating. The same 
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end-result will also occur when the work is rotating, as in a lathe, The 
point of the cutting tool will always be at the same distance from the 
axis of rotation of the workpiece, which is determined by the axis of rota- 
tion of the lathe spindle. The cylindrical surface that is generated as the 
tool feeds through the bore must then be concentric with the axis of rota- 
tion of the spindle. 


Precision Hole Location 

The shapes and sizes of the workpiece in whi 
located are almost infinite. Reetangular-shape pla 
Fig. 15-4 n tool and di 
the availability and the ease with which this shape ean be worked, it is 
used to construct components for stamping dics, jigs, fixtures, and gages. 
This shape, therefore, is used to illustrate and explain the methods of 
precision hole loeation. Four proven and practical methods of hole loca- 
tion will be explained in the following pages: in addition, two methods 
of locating holes in hardened workpicees will be discussed. It should be 
emphasized that the use of the jig borer, when available, i not only the 

cferred, but the superior method of precision hole location, 


precision holes are 
ө. such as shown in 
work. Because of 


frequently: encountered 
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Precision Layout and Drilling Procedure 
Prepare the workpiece. The workpiece is machined so that the two 
ves ure parallel to cach other an 

as they are often ealled in the 


i 


re” with respect to 


1I sides, or 
toolroom. Two of the edges are 
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‘machined to be exactly square with cach other; these two edges will serve 
as reference surfaces. Sometimes it is convenient to machine all four edges 
square to each other. The machining ean be done on a milling machine, 
в shaper, or on а surface grinder. It is often more convenient to rough 
machine on а milling machine or on a shaper, and then to finish grind 
the part on a surface grinder. A metal-cutting band saw will sometimes 
be best for rough machining this part 

Moke a precision layout. The face of the workpiece is painted with a 
blue layout dye and the lines are seribed with precision layout tools on the 
required locations. The precision layout tools are shown at В, Fig, 15-4. 
Shown are a vernier height-gage, precision gage-blocks, and a universal 
precision gage, or “planet” gage, as it is also called, The vernier height- 
gage has a seriber attached to the movable arm which can be set at any 
desired distance above the face of the surface plate. With care, layout 
lines can be seribed to an accuracy of 001 inch with the vernier height- 
gage. The slider of the planer gage can be accurately positioned anywhere 
along the incline. The top of the slider is perfectly parallel to its base and 
serves as a reference surface. It is positioned to the desired height above 
the surface plate by measuring across the top of the slider and the base 
with а micrometer caliper. А more accurate method is to transfer the 
height of a stack of precision gage-blocks to the top of the slider. This is 
done by holding a dial test indicator in a fixed vertical position on an 
indicator holder or on the movable arm of the height gage. The indicator 
is positioned over the gage blocks and set to read zero. It is then posie 
tioned over the planer gage which is adjusted until the indicator again 
reads zero. A wedge-shape seriber, which has had its bottom surface 
lapped perfectly fat, is placed on the planer gage to scribe the layout 
lines. The wedge-shape seriber can also be placed directly on the stack 
of gage blocks to scribe the line if an accuracy to “tenths” is required 
and a planer gage is not available. This method, however, is hard on the 
gage blocks and should be used sparingly. Lines are thus scribed by what- 
ever precision method is most suitable. The coordinate dimension layout 
for the holes is obtained by resting one of the two squared reference 
edges on a precision surface plate and seribing all of the lines that 
are parallel to this edge. The second reference edge is then placed 
against the surface plate and all of the layout lines parallel to this 
edge are seribed. The scribed lines should be kept as shallow as possible. 

Prick-punch marks are carefully made at the intersection of the layout. 
lines where the holes are desired. When an ordinary prick punch is placed 
in a line that has been seribed by a wedge type scriber a small error will 
result, as shown in Fig. 15-5. In order to minimize this error, the prick- 
punch mark should be started with a hand prick-punch as shown at C, 
Fig. 15-4. A hand prick-punch has a more acute point than a regular 
prick punch. The punch is made from a piece of high-carbon tool steel 
that js twisted as shown, and hardened at the point. The hand priek-punch 
is carefully placed at the intersection of the layout lines, using the sense 
of touch to feel the intersection with the point of the punch. When the 
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Fig. 18-8 Error introduced by shape of seribed line. This error is reduced by Keen 

the scribed line shallow and by using a rotating, band prick-punch with an acu 
‘point angle prior to using a regular prick-punch, 


hand prick punch is in position, it is rotated by twirling back and forth 
between the thumb and fingers until a small mark is made. The prick punch 
mark is enlarged with a standard prick-punch and hammer as shown at 
, Fig. 15-4. This must be done carefully, using a magnifying glass to be 
sure that the original position is not disturbed. Also, the prick punch 
must be accurately ground to have a point in the center of the punch. 
‘The hammer blow should be light, making a prick-punch that i 
mately Y i i 
although this is not always necessary, especially with smaller holes. The 
circle is not used to locate the hole. When a circle is scribed on precision 
layouts, the witness marks are usually omitted. On die and tool work 
they may mar a surface that must be finished smooth or they may even 
form the nucleus of a crack if the part is to be heat treated, 

The layout is now completed. When done with skill and care, accurate 
results can be expected. 
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Fig, 15-0. Stating the hole with а small slender drill. Slender drill will bead and follow 

prick-punch mark. Center drill will cut iato the side of prick-punch mark instead of 
following it 


Drill and counterbore the hole from the layout, A large drill should 
never be started in a small prick-punch mark. The prick-punch mark 
will be quickly obliterated and the drill will drift into another location. 
Also, a center drill should not be used. The center drill is rigid and a 
slight misalignment between the center drill and the prick-punch mark 
will cause the drill to start the hole at the side of the prick-punch mark, 
їп Fig. 15-6, with a consequent error in the hole location. The best 
start is made when the prick punch entirely surrounds the drill. An ordi- 
nary twist drill, having a diameter of about Y% or Из inch, should be 
used to start the hole. The position of the hole is determined by the prick- 
punch mark and any misalignment of the drill will be compensated for 
by the flexibility of the drill, as shown in Fig. 15-6, The slender twist drill 
will bend and center itself in the prick-punch mark, whereas the rigid 
center drill will not. Since the slender starting drill will bend, it will not 
drill a vertical hole, and it should not be permitted to go too deep. The 
entire sequence of laying out and drilling the hole is shown in Fig. 15-7. 

‘The starting drill should be followed by another, slightly larger and 
stiffer drill, say $42 diameter, which is followed by a center drill having a 
Y-ineh pilot. The center drill is drilled to the depth as shown at 7, 
Fig. 15-7. А ¥4-inch drill is then used to drill through the part. The hole 
is further enlarged with a 2%, -ineh drill which is followed by a 2%4-inch 
drill that has been ground to cut fat on the end in order to square the 
shoulder of the counterbore. This operation is omitted if the hole is a 
through hole. The final operation is to finish ream the hole to size. 
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Fig. 15-7. Procedure for drilling hole from layout 


Precision Layout, Drilling, and Boring Procedure 
1. Prepare the workpicee. 
2. Make a precision layout. (Steps 1 and 2 are done as previously 
described and will, therefore, not be repeated.) 
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3. Mount the workpiece on a lathe faceplate. The workpiece is 
clamped on the faceplate, Fig. 15-8, in preparation for drilling and 
horing. On parts of this size it is usually most convenient to 
remove the faceplate to s shown in Fig. 15-37. 
A sheet of paper placed between the faceplate and the workpiece 
serves to reduce the tendeney of the part to move, particularly 

ge cutting forces. Soft metal shims 
mps and the work will prevent the 

lace of the work. 


when it is subjected to 
placed between the strap 
clamps from marring the 
4. Align the workpiece in the lathe. The point of a pump center 
Fig. 15-9, is placed in the prick-punch mark corresponding to the 
hole to be drilled, as 8, The other end is placed 


153. Aligning the work with the axis of rotation of the lathe using а pump 
Center and an indi 


ch. 15 
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PUMP CENTER 


Fig. 15-9. Design drawing of pump center. 


оп the tailstock center of the lathe and the tailstock is adjusted 
so that the pump center is held in position with a light spring 
tension. The contact point of a dial test indicator is positioned 
the pump center close to the point, When the lathe spindle 
is slowly turned by hand, the movement of the indicator hand 
will show whether or not the prick-punch mark is in the center of 
rotation. The work is tapped with a hammer arid а soft metal bar, 
shown, until the indicator hand does not move when the work 
is turned. The work is then tightly clamped to the faceplate. 
Drill the hole. The prick-punch mark has served its purpose 
that of aligning the part on the faceplate. It is no longer essential 
to the job. The hole should be started with a center drill. This 
should be followed by а М- or %g-inch drill which is used to 
drill the hole through the workpiece. The hole is enlarged by drill- 
ing with successively larger drills until it reaches the size for bor- 
ing. Too much metal should not be removed with any one drill 
in order to keep the cutting forces from being large enough to 
move the piece on the faceplate. Sufficient stock should be left for 
boring to allow several boring cuts to be taken. This can vary 
from % to % inch or more. 
Bore the hole to size. Figure 15-10 illustrates the hole being bored 
to size. The trial cut procedure is used to bore the hole to size. A 
trial cut is taken in the bore and the diameter is carefully meas- 
ured. Tlie boring tool is then advanced into the workpiece the 
correct amount, and another trial cut is taken. If the measurement 
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Tig. 15-10, Boring the hole in the lathe with the work mounted on a 


of the second trial cut shows the diameter to be correct, the cut. 
is completed; if not, a further adjustment is made before com- 
pleting the eut. The final finishing cut should not be started until 
the trial cut shows that the diameter being cut is correct, 

Several light boring cuts should be taken through the workpiece 
to make certain that the hole will be concentric with the axis of 
rotation of the lathe. When using this procedure the hole should 
be bored to size; it should not be finished by reaming because in- 
accuracy may result due to any slight misalignment between the 
spindle axes of the headstock and the tailstock. 


‘Toolmakers Buttons, or the Buttoning Procedure 

Toolmakers buttons, Fig. 15-1, are hardened, ground, and lapped 
collars, or buttons, with the ends ground perfectly square with the cylin- 
drical surface. Thus, when the buttons are clamped in place with the 


Ch. 15 PRECISION HOLE LOCATION—THE JIG BORER 415 


Fig. 15-11. Toolmakers buttons. The cylindrical surface is hardened, ground, and 
Tapped. The end faces must be exactly perpendicular to the cylindrical surface. 


14-40 machine screw, the cylindrical surface will be perpendicular to the 
workpiece. The outside diameter of the buttons is made in several sizes, 
namely, in 300, 400, and .500 inch. It is not good practice to mix the 
diameters of the buttons in any one setup as this can result in errors. 
The inside diameter of the buttons is slightly larger than the screw in 
order that the button can be moved around the screw. 

‘The buttoning procedure is а good procedure that is frequently used 
when а jig borer is not available. This procedure is generally more reli- 
able than those previously described. A number of buttons ean be at- 
tached to the workpicee, simultaneously, in order to locate holes in the 
workpiece. For simplicity, the description to follow will concer itself 
with only one hole 


1. Prepare the workpiece. It is machined square and parallel all over, 
using methods previously mentioned. 

2. Lay out the part. When buttoning, a precision layout is not re- 
quired although the precision layout methode described are often. 
convenient to use 

3. Drill and tap the button serew holes Each hole is drilled with 
а No. 38 drill, using ordinary care. All holes are then tapped with 
а 44-40 tap. 

4. Attach the buttons to the workpiece. The buttons should be 
clamped lightly but firmly so that they can be moved with a light 
tap of a hammer. 

5. Locate each button on the workpiece. The part is placed on the 
surface with one of the reference edges down. (See Fig. 15-12.) 
Attach a dial test indicator to the vernier height-gage, as shown. 
With the sliding arm of the height gage adjusted so that the 
vernier scale reads zero, position the contact points of the indi- 
cator against the surface plate and adjust the indicator to also read 
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zero. The top of the surface plate is now the zero reference plane 
for the height gage and the workpiece. The height gage is set to 
read the distance from the reference edge to the center of the 
hole plus one-half of the diameter of the toolmakers button, The 
indicator contact point is now run over the top of the button and 
the maximum reading is noted. The button is positioned by tap- 
ping it lightly with а hammer and a piece of soft metal, as shown 
in Fig. 15-12, until the maximum reading of the dial indicator is 
zero when it is passed over the button. The button is now located 
with respect to one reference edge and the procedure is repeated 
with respect to the other reference edge. The toolmakers button is 
located when the indicator reads zero over the button from each 
reference edge with the height gage correctly set for each position, 
Tt should now be tightened securely in position, 

An alternate method of locating the buttons is to use a stack of 
precision gage blocks. The length of the stack should be equal to 
the distance over the toolmakers button as explained in the last 
paragraph. A dial test indicator is held by a height gage and 
zeroed over the precision gage blocks which are resting on the 
surface plate. The indicator is run over the top of the toolmakers 
button and the button tapped into position until the maximum 
indicator reading is zero, as before. Again, this must be done from 
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Fie. 15-12, Locating the button on the workpiece. This must be done in 
oro directions from two reference edges 
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the two reference surfaces. The use of the precision gage-blocks 

makes it possible to locate the buttons to within “tenths” when 

this procedure is carried out with skill and care. 

Mount the work on the faceplate. This is done as previously de- 

seribed. A counterweight, shown in Fig. 15-14, is used to balance 

the part and prevent unwanted vibrations from occurring 

Align the work on the faceplate. This operation is illustrated in 

Fig. 15-14. The dial test indicator is placed in the lathe as shown 

and its contact point is positioned against the toolmakers button. 

‘The faceplate is slowly turned by hand and the movement of the 

indicator hand is observed. The workpiece is adjusted by tapping 

it with a hammer and a piece of soft metal until the indicator 

hand docs not move when the faceplate is turned at least onc 

complete turn. 

Remove the toolmakers button. 

Center drill the hole. Use a large center drill that is consistent, of. 

course, with the final size of the hole. The large center drill, being 
iff, will tend to correct any eccentricity in the tapped holes used 

to clamp the toolmakers buttons. 

Drill the hole. The drilling operation is done as previously de- 

scribed for the faceplate-mounted workpiece. 

Bore the hole to size. This is also done as previously described. 
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Fig. 15-14. Moore precision jig-borer having ullrasprecision lead sereus to make 
pos 


Toolmakers buttons are also used to perform precision hole location 
operations on а milling machine. The buttons are located and clamped 
оп the workpiece as has been described for lathe work. The workpiece is 
aligned and clamped on the table of the milling machine so that the holes 
to be produced can be reached by tools held in the spindle of the machine. 
А dial test indicator is attached to the milling machine spindle. Each hole 
is located by placing the contact point of the indicator against the tool- 
makers button and slowly rotating the spindle by hand. When the button 
is located on the axis of the milling-machine spindle, as shown by the 
indicator reading, it is removed. The hole is then machined by drilling 
with a twist drill, and boring with boring tool. For convenience, the 
boring tool should be held in an offset boring head, Fig. 15-29, which 
provides an accurate radial adjustment of the boring tool in order to bore 
the hole to size. 
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The Jig Borer 

The jig borer is designed specifically for doing precision hole-location 
work. Its design is a combination of the application of sound engineering 
principles and a thorough knowledge of toolmaking practices. The highest 
order of craftsmanship is required in its construction. 

А precision jig-boring machine is shown in Fig. 15-14. The bed of the 
jig borer rests on the floor and the column is bolted to а pad machined 
on the top of the bed. The column supports the driving motor, the spindle 
drive mechanism, the power-feed mechanism, the quill which contains 
the spindle, and the spindle housing. Highly accurate, machinc-tool-grade 
anti-frietion bearings аге used to mount the spindle in the quill. These 
bearings are pre-loaded in order to reduce the tendency for chatter to 
occur when boring. Care is taken in the construetion of the machine to 
make certain that the up and down movement of the spindle is perpen- 
dicular to the table 

‘The table is mounted on the top of a saddle and the saddle is mounted 
оп the bed. The saddle moves toward and away from the column on a 
machined and hand-seraped slide. It carries the table with it in this mo- 
tion which is called the transverse table movement. А machined and 
hand-seraped slide on top of the saddle allows the table to move in а 
direction perpendicular to the transverse direction and this movement is 
called the longitudinal table movement. 

‘The coordinate measuring system of a jig borer is designed to provide 
longitudinal and transverse table movements that arc accurate to one- 
ten-thousandths (0001) inch. On the Moore jig borer, shown in Fig, 
15-14, the coordinate meas ‘on the two lead serews 
(sec Fig. 15-15 nts, These serews ure by 
no means ordinary serews. They are hanlencd and ground to an accuracy 
of 00009 inch in 18 inches. A micrometer dial attached to the end of cach 
lend screw is graduated to read one-thousandth (.001) inch. One ten- 
thousandth (0001) inch readings are obtained by a vernier scale which 
is placed adjacent to the micrometer dial. Two steel rules are attached 
to the machine and are placed parallel to cach of the two table move- 
ments. These rules are used to obtain the coarse table settings. 

Another coordinate measuring system which is used on many jig borers 
is shown in Fig 15-16. This system is based on precision end measuring 
rods and a micrometer head which are placed in a trough that is parallel 
to the table movement. There is a trough for each table movement and, 
therefore, there are also two sets of precision end measuring rods and 
micrometer heads. The precision end-measuring rods are made in different 
lengths with one-inch increments. The subdivisions of an inch are obtained 
by the micrometer head which has a vernier scale that enables it to be 
set to an accuracy of one-ten-thousandth (0001) inch. An adjustable 
stop is placed at one end of each trough. The function of this stop is to 
move the stack, consisting of the precision end-measuring rods and the 
micrometer head, along in the trough until it touches the contact point 
of a dial test indicator which is in a fixed position at the other end of the 
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Fig. 18-15, System of measuring the coordinate movements of the jig-borer table 
"anti precision lead screw. 
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Fig 15-16, System of measuring the coordinate movements of the jig-borer table 
using precision ead-measuring rods and micrometer heads. Arrows show dial test 
indicators. 
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trough. The only time that the lengthwise adjustment of the adjustable 
stop is used is after the initial alignment of the reference axes of the 
workpiece with respect to the axis of the spindle. At this time, only the 
micrometer head is placed in the trough and the adjustable stop is used 
to move it along in the trough until the dial test indicator reads zero. 
At other times, the adjustable stop moves along with the component to 
which it is attached—either the table or the saddle—and when the table 
settings are made it pushes the stack until the dial test indicator hand 
reads zero. The dial test indicator has one-ten-thousandths-inch gradua- 
tions; however, these graduations should not be used to obtain one-ten- 
thousandth-inch table settings which are obtained by the setting of the 
micrometer head. The function of the dial test indicator is to place а 
uniform end-pressure on the end-measuring rods and the micrometer 
head, in order to hold them together and to provide a precise reference 
position for this stack in the trough. 

Cleanliness and care must be observed when the precision end-measur- 
ing rods and the micrometer head are placed in the trough. The ends, 
where they contact each other, must be wiped clean. When a setting has 
been made, a check for cleanliness is made by slightly rotating each pre- 
cision end-measuring rod and micrometer head im the trough, while 
observing the hand of the dial test indicator. If the hand moves, dirt is 
present. This dirt must be removed and the table setting made over again. 

Several other coordinate measuring systems are used on different jig 
borers. It is not possible to describe all of these, in detail, within the 
scope of this book. The purpose of all these systems, however, is alike. 
Itis to provide a method of aligning the spindle at the precise location on 
the workpiece where the hole is to be produced. The primary machining 
operations for which the jig borer is designed are drilling and boring. 
Operations such as reaming, counterboring, countersinking, and spot 
facing are also done on the jig borer. Light end-milling operations are 
sometimes performed on this machine although heavier cuts should be 
avoided. An air-driven, internal grinding attachment can be obtained for 
jig grinding. In addition to the production of holes in precise locations, 
the jig borer сап be used to machine certain contours on dies and other 
tools 


Jig-Boring Practice 

There are four basic steps which should be followed in sequence in 
order to locate and machine а hole on a jig borer. These steps are: 1. 
align and clamp the workpiece on the jig-borer table; 2. locate the two 
reference axes of the workpiece with respect to the jig-borer spindle; 
3. locate the hole to be machined; and 4 drill and bore the hole to size. 
These steps will now be treated in detail 

Align and Clamp the Workpiece. The first consideration in placing the 
workpiece on the jig-borer table should be the relation of the coordinate 
measuring system of the jig borer to the coordinate dimensions on the 
drawing. Although the jig-borer table can be accurately positioned when 
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itis moved in any direction, the coordinate measuring system is designed 
зо that the reading of the measurement is direct when the table is moved 
toward the left and toward the column. As shown in Fig. 15-17, moving 
the table forward toward the left has the same effect as moving the 
spindle toward the right. Likewise, moving the table toward the column 
has the same effect as moving the spindle away from the column, or down, 
when seen in the plan view. For this reason, the coordinate dimensions 
on drawings made for jig-borer work are made to read from left to right 
and from the top of the view toward the bottom. The reference axes, 
from which the coordinate dimensions are taken are, therefore, placed at 
the top and to the left in the view on the drawing which shows these 
dimensions, as shown in Fig 15-2. 

1f the workpiece is placed on the jig-borer table so that one reference 
axis is toward the column and the other reference axis is toward the left, 
the coordinate dimensions on the workpiece will read in the same direction 
as the effective spindle movement when the coordinate measuring system 
оп the jig borer reads direct. In other words, when the workpiece is placed 
in this position, the coordinate setting of the jig-borer table can be made 
to correspond exactly to the coordinate dimensions on the drawing in 
order to locate a hole. This avoids any error that can occur when calcula- 
tions are required in order to make the table setting. 

Frequently, the position of the reference axes corresponds with two of 
the edges on the workpiece. These edges should be machined perpendicular 
to each other before the workpiece is placed on the jig borer. They can 
then be used to align the workpiece on the jig-borer table and to locate 
it with respect to the spindle. Such workpieces should be placed on the 
table with the reference edges positioned to the left and toward the 
column of the jig borer. 

If the holes to be bored pass through the bottom of the workpiece it 
must be placed on precision parallel bars (see Fig. 15-18) in order to pro- 
vide clearance for the cutting tools and to prevent the table from being 
damaged. The method of clamping the workpiece will, to a large extent, 
depend upon the shape of the workpiece. If parallels are used they should 
be placed directly under the clamps to prevent the force exerted by the 
clamps from bending the workpiece. If this occurs, the workpiece will 
spring back when the clamps are released with the possible result that 
the work done on the jig borer will be inaccurate. 

Before the workpiece is firmly clamped in place it must be accurately 
aligned with respect to the longitudinal and transverse table movements. 
‘The most effective method of aligning the workpiece is to indicate along 
an edge of the workpiece that is parallel to or, preferably, that corre- 
sponds to a coordinate dimension reference line. As an example, the work- 
piece shown in Fig. 15-18 is a die block on which the two reference edges 
have been machined perpendicular to each other. The reference edges are 
placed to the left and toward the column of the jig borer. The die block 
is shown being aligned by indicating along the reference edge. The dial 
test indicator is held in the spindle of the jig borer and the table is trav- 
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"EFFECTIVE SPINDLE 
MOVEMENT AWAY 
FROM COLUMN 


ACTUAL TABLE 


“EFFECTIVE” SPINDLE 
WU) MOVEMENT TOWARD 
MOVEMENT. я * RIGHT 
TOWARD LEFT 


ACTUAL TABLE 
MOVEMENT TOWARD 

COLUMN 
Fig, 15-17. A. Position of table relative to spindle before table movement. B. Position 
of table after moving in conventional direction by direct reading of coordinate 
measuring system. Note that the “efective” movement of the jig-borer spindle is 
‘opposite in direction from the actual table movement. 
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Conte of The Moore Special Тев Company 


е the edge of a die block to align it with the longitudinal 
table movement. 


Fie. 18-18. Indica 


ersed in the longitudinal direction. Аз the table is traversed the indicator 
reading is observed. The workpiece is adjusted until the indicator reading 
is the same for all positions. 

Another method of aligning the workpiece is shown in Fig. 15-19. The 
jig borer in this ease is provided with a straightedge which can be at- 
tached to the side of the table and which is parallel to the table travel 
The workpiece can be set dircetly against the straightedge or spaced 
away by means of precision parallel blocks. For very precise work, this 
method can be used to obtain the first alignment after which it is checked 
with a dial test indicator, as shown in Fig. 15-18. 

Locate the Two Reference Ares of the Workpiece with Respect to the 
Spindle, The jig borer table must now he moved to position the workpicce 
in a preeise and known location from where it ean he moved again to the 
location of the holes that arc to be machined. Since all of the holes are 
), the 


msioned from the two referenee lines or axes (scc Fig. 
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Fig, 15-10. Using straightedge attached to table and precision set 
workpiece parallel tothe table rave 


blocks to align 


most convenient position to start from is where the axi of the jig borer 
«cet cach other. This 
in to а zero reference position 


spindle and the two workpiece referenec axes in 
is called the starting position, whieh ix 


When in this position the lon 1 the transverse measuring sys- 
tems of the jig borer are set to o. From this position the table and 
workpiece together can be moved a distance equal to the coordinate di- 


mensions of the hole to the location where the hole is to be machined, 
Moreover, the readings of the longi 
tion measuring «vetere will be the same ax the coordinate dimensions of 
the hole when the table is at the hole position. 

After the workpiece hae been aligned and elamped on the jig borer 
table, the first step is then to move the jig borer table to the starting po- 


ninal and the transverse table posi- 


sition; ie, where the spindle 
т wad hy picking up conven 
the workpicee. The term “picking up" means al 
For example, a convenient reference surface may be the finished surface 


is and the reference axes all interscet 
nt reference surfaces on 
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of a hole, Picking up а hole means to indicate the hole with a dial test 
indicator hekl in the spindle and to adjust the position of the table until 
the axes of the spindle and the hole coincide. Picking up an edge means 
aligning the workpiece so that an imaginary plane will contain both the 
edge and the spindle axis 

When the workpiece reference axes intersect in the center of a hole 
that has heen finish machined beforehand, it is only necessary to pick up 
the hole as described before to position the table in the starting position 
Ii the hole has not been machined, other convenient reference surfaces 
must be picked up and the table moved to the position where the hole is 
located, which is also the starting position, When in this position, the 
longitudinal and transverse table position measuring systems are set to 
read zero. 

Frequently the workpiece reference axes will coincide with two mutually 
perpendicular edges, or sides, whieh have been machined to precise toler- 
ances, such as on the die block in Fig, 15-18. Although either edge can be 
picked up first, let us say that the edge elosest to tbe jig borer column is 
picked! up first. When this edge has been pieked up the transverse table 
position measuring system is set to read zero. Next, the edge on the left 
side is picked up and the longitudinal table position measuring system 
is set to read zero. Then when the table is moved to the position where 
both measuring systems read zero, it will beat the starting position. 

There are occasions when the measuring system is not set to read zero 
when the table is at the starting position. For example, the part drawing 
may show that the reference axes are actually located outside of the body 
of the workpiece, or the reference axes may not coincide with convenient 
surfaces on the workpiece that ean be picked up. In this event a hole or 
two perpendicular reference surfaces that are convenient to pick up are 
selected. After they have been picked up, the table position measuring 
system is set to read the dimensions from these surfaces (or the hole 
axis) to the reference axes located outside the workpiece body. 

The procedure for picking up an edge on the workpicee must be mas- 
tered in order to operate a jig boring machine. The most frequently used 
procedures will now be deseribed. The first procedure requires no special 
tools, only a dial test indicator which is mounted in the spindle and a 

all precision parallel or gage block. This procedure is illustrated in 
Fig. 15-20 and deseribed as it would be used on а Moore jig borer. The 
table position measuring system on this machine is based on two precise 
lead serews, shown in Fig. In order to avoid errors eaused by the 
4 the nut, the longitudinal table move- 
ments should be made toward the leit and the transverse table movements 
should be made toward the column. Made in this manner the micrometer 
tial readings behind the handwheel will be direct. An arrow near the 
handiwhee! points to the directions that the handwhee] should be tumed. 
Referring again to Fig. 15-20: 
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Table 


[I Tabie Movement 
A B 


Fig. 15-20, Procedure for picking up the edge of a workpiece using a dial test 
Indicator and a gage block 


1. Adjust the contact point of the dial test indicator to be beyond 
the spinelle axis as shown it view A. 

Move the table toward the left to a position where an indicator 

reading is obtained (view A) 

3. Rotate the spindle back and forth slightly by ha 
the largest indieator reading is obtaine 

4. Turn the [нее of the indlieator to rend zero; as an alte 
table may be moved to zero th 
to this position toward the 

5. When in this posi 
dial to read zero. 

6. Raise the spindle and rotate it approximately one-half of a turn. 

7. Hold а small precision parallel or gage block against the edge of 
the workpiece (view D) and move the table tow: 
position (Position B) where the indicator reading is again zero, 

licating the side of the parallel or gage block. This indicator 
le hack and forth, 
position must be made 


nd stop where 


e the 
icator, making the movement. 


A) set the lead sees micrometer 


before. The final table mow 

toward the left 

When at Position B, read the Jead serew 

the distance moved from Positie 

9. The final table position, where the edge and the spindle axis are 
aligned, is one-half of the distance that the table has moved from 
Position A to Posit ined by the lead serew mierome- 
ter dial re 

10. Move the table to the final pos 


= 


srometer dial to find 


as determined by the lead. 
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screw. micrometer dial. The movement to this position must be 
made toward the left 


When the other edge is being picked up on a Moore jig borer the table 
movements should be made toward the column so that the readings of the 
table positions will be dircet. 

Another method of picking up an edge is shown in Fig. 15-21, which 
requires the use of two precision parallels. The dimension M of parallel 
P, is accurately measured beforehand, А dial test indicator is then 
mounted in the machine spindle and the parallel P, is placed against the 
edge of the workpiece. Holding the second parallel, Ps, against the pare 
allel P, ав shown, the edge of the workpiece and then the side of the 
parallel P. are indicated Бу rotating the spindle by baml, and the table 
is moved to the position w largest indicator readings are equal. 
When in this position the axis of the spindle is away from the edge a dis- 
tanee that is equal to one-balf of the dimension AL, Moving the table 
this distance will complete the alignment. Figure 15-21A illustrates how 
this procedure is used on a conventional jig borer, jig grinder, or vertical 
milling machine; view B illustrates how this procedure is used on a hori 
zontal spindle milling machine or on a horizontal boring machine. While 
the methods of picking. dge deseribed in this section are used most 
frequently on a jig borer and on a jig grinder, it must not be overlooked 
that they ean be adapted for use on other machine tools. 


Fig. 15.21. Procedure for picking up an edge using two precision parallels. А. As used 
оп jig horer, px grinder. and verticalepindle milling machine. B. As used on 
horizoata-spindle milling machine or horizontal boring machine. 
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A faster method of picking up an edge is by using the edge finder de- 
veloped hy the Moore Special Tool Co., Ine. Shown in Fig. 15-22 by the 
kind permission of this company is a detailed drawing of this edge finder. 
All of the eritical d ns on this edge finder are made to gagemaker's 
toleranees, ineluding the parallelism and perpendicularity of the 

vs. The upper part of this edge finder has a 400 in, (10 
metric) slot, The inner surfaces of this slot are gaging surfaces against 
whieh indieator readings are made, The edge of the lower leg is 
also а gaging surface. [tis located in the exact center of the slot and, when 
used, it is held against the edge on the workpiece that is to he picked up. 
Figure 15-23 illustrates the procedure for using the edge finder to pick up 
the edge, The lower inside face of the leg is held against the edge on the 
workpiece while at the same time the two inside faces of the slot are indi- 
cated with а dial test indicator held in a jig borer spindle. When indicat- 
ing eaeh face, the spindle ix rotated by 
cator reading. The tabl 
indicator readings are 


hand to obtain the largest indi- 
is moved to the position where both maximum 

in this position the axis of the spindle will 
be aligned with the edge of the workpiece. 

‘The centering projector, Fig. 15-24, is designed to be used as an edge 
finder, The eyepiece can be held stationary as the spindle is slowly 
turned. The magnification is such that “tenths” (.0001 inch) can be seen 
and the field of vision is large enough to show a fairly large area of th 
workpiece. Two crossed hairlines act as the center of the optical system, 
‘The center of the optical system should be checked, but when verified, 
it is only necessary to move the table until the edge of the workpiece 
coincides with one of the hairlines on the microscope in order to align 
the axis of the spindle on the edge of the workpiece. 

A very popular edge finder is shown in Fig. 
with a cone point at one end and a cont 


сап be obtained 
cylinder at the other end, or 


Y 


Courter of The Moore Speci! Tosi Compan 


Fig. 15-28. Procedure for picking up the edge of a workpiece using а 
‘Moore Edge Finder 
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Fig. 15-24, Centering projector which ean be weed to pick up edges, small undercuts, 
‘stele, holes, radit. nnd outside diameters. 


with only a contuet eylinder. Only a very Tigh 
the cone point and the contaet eylinder 
‘The contact eylinder i always » an edge. The body of the 
edge finder ie held in the idle by a chuck. When the edge 
finder ix used, the spindle must be rotating and the contact cylinder is 
intentionally offset so that there is a wobble as it rotates. The 
сфе of the workpicee is moved toward the edge finder by moving the table 
until they contact each other. As the workpiece continues to be moved 
toward the edge finder, the wobble of the contact cylinder decreases until 
it ceases altogether. When this oceure the table movement is stopped. At 
this position the distance between the edge and the axis of the spindle is 


pressure is required to slide 
the end of the edge finder. 
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- 
Conte of Tha L-5. Starrett Compas 


Fig, 15-25, (Left) Application of eylindrieal contact of обе finder to pick up an edge 
Righ) Application of pointed contact to pick up а seribed line 


equal to one-half of the diameter of the eontact cylinder. Since the dinme- 
ter of the contact cylinder on most edge finders ix 200 inch, the distance 
that the table must be moved to align the axis of the spindle and the edge 
is 100 inch. 

‘The cone-point shape contact is used to pick up lines scribed on the 
workpiece as shown in Fig. 15-25. In this case the cone point must be 
made to rotate without wobble. This can easily be accomplished by touch- 
ing the rotating cone point lightly, with an object such as a pencil. The 
alignment is then determined visually by lowering the cone point over 
the line, 

Locate the Hole, Precise coordinate table movements are used to posi- 
tion the workpiece so that the spindle axis is located exactly where the 
hole is to be machined. Essentially identical table position measuring 
systems are used on the saddle to 
and on the table to measure the longitudinal table position. On the Moore 
jig borer the coarse measuring system consists of a stecl rule, called a 
seale, that is graduated in .1 inch increments with every inch marked. 
The fine measuring system is а micrometer dial attached to the very 
precise lend serew which is graduated to read 001 inch and an easily read 
vernier seale gr ай 0001 inch. On the Moore metrie jig borer 
the coarse seale is graduated in 1.0 min increments, the mierometer dial 
in 0.01 пип inerements, and the vernier senle in 1.0 aan, which is 0.001 mm. 
When the measuring system is set to read zero at the starting position 
the coordinate readings at the hole location wil he the same as the 
coordinate dimens the hole. The movement to each hole must be 
made in onc direction only the effect of backlash 


asure the transverse table position 


+ to climi: 
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This should always be toward the left and toward the column of the 
machine. Although the holes ean be machined in any sequence, it is easier 
and more efficient on the Moore jig borer to machine the hole that is 
closest to the starting point first, then the next closest, cte, until all of 
the holes ha machined. The same sequence is recommended for 
machines having an optical measurement system. 
On jig borers having a tal 

measuring rods, as shown , 
much more convenient and efficient on these n 
hole that is furthest from the st 
hole, ete. The largest stack 


is reversed. It is 
ichine first the 
the next furthest 
the tronghs, in 
эд the hole fur- 
ig the next furthest hole the 
length of this stack-up will deerease and wili be shortest when machining 
the hole elosest to the starting position. In this way end measuring rods 
are removed and replaced by shorter rods when positioning the table at 
each successive hole, and the table is moved progressively toward the 
starting position, 

Drill and Bore the Hole. The sequence of operations used to produce a 
hole on the jig borer is based upon two basic prineiples: 1. A short, stiff 
drill, such as a center drill, that will not deflect when cutting should be 
used to start a hole whenever the work and the axis of the machine tool 
spindle are located at the exact position where the hole is wanted; 2. A 
single-point boring tool that is rotating about the axis of the machine 
tool spindle will generate or eut a surface that is concentric to the axis of 
rotation. Of course, a drill is required to open the hole so that the boring 
tool can enter and enlarge it. 

The actual steps required to machine the hole are now listed in a num- 
bered sequence. 

1. Spot drill the hole with a center drill or a spotting drill, This. 
operation is illustrated in Fig. 15-26. A conventional drill and 
countersink, or center drill, is recommended for this operation 
except when the holes to be machined are very small. In this case 

I spotting drill, shown in Fig. 15-27, should be used. The 

drills must be kept sharp because they are not intended 
to penetrate deeply into the workpiece. Sometimes all of the holes 
to be produced in а part are spot drilled before they are drilled 
and bored. Some jig borer operators will spot all of the holes 
lightly and then re-spot them to depth in order to insure against 
making errors. 

2. Drill the hole. The initial hole should be drilled with a twist drill 
that will follow the countersink made by the center drill. Although 
larger drills are sometimes used, it is best not to start with a drill 
in excess of about one-half inch in diameter. If required, the hole 
can then be enlarged by drilling with successively larger drills 
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Fig. 15-26. Spot-drilling holes in a die block on a jig borer, 


ich metal in the hole to allow the boring. 
size, Holes that are beyond the rango of 
with a sweep tool as shown 

a “hole hog” and is pare 


The drill must leave en 
tool to finish the hole t 
ordinary may be enlarge 
їн Fig 15-28. The tool shown is 


ticularly efficient for removing large amounts of metal. А hard- 


Fie. 15-27. Spot drilling for producing very small holes wing a spotting drill 
(Right) Special spotting drili 
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ened pilot on the end of the 
hole that has heen drilled previously 

Heat will be generated by the drilling operation, which will 
cause the work to expand, especially when much metal is removed 
by larger size drills. If the finish-boring operations are conducted 
while the work is very hot, the contraction occurring when the 
workpiece cools can cause inaccuracy. For this reason it is some- 
times good practice to drill all of the holes first, allowing the 
workpiece to cool before the holes are bored to size. A procedure 
that is used at times is to spot drill all of the holes on the jig 
borer, rough drill all of the holes on a conventional drill press, 
and then finish the holes in a jig borer by boring. 

Holes less than one-sixteenth inch in diameter are very difficult 
ог even impossible to bore with a single-point tool. The first step 
in producing these small holes is to drill a spot with a spotting 
drill. The diameter of this spot should be somewhat less than the 
diameter of the hole. One method of finishing the hole is to drill 
it to size with a twist drill. A small drill will follow the spot made 


guides the sweep tool in the 


Fig. 15-28. Sweep tool used for rapid stock removal from а hole where hole size is 
това range of ordinory twist drill. 
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by the spotting tool quite accurately. Another method of finishing 
the hole after it has been spotted, is to drill it first with a twist 
drill that is one size smaller than the finish size of the hole. The 
hole is then finished with a twist drill of the size of the finished 
hole. This last drill is very carefully honed at the corners where 
the lip and the margin meet. Only a small amount of honing 
should be done on the two corners and care must be exercised 
to hone a relief angle so that the drill will cut properly. Small 
holes may be finished by reaming after they have been spotted 
and drilled. This is frequently done when no suitable drill is 

ailable corresponding to the diameter of the hole. In such cases 
it is not uncommon to make a special reaming tool or to grind a 
standard reamer to the desired diameter. 


. Bore the hole to size. The offset boring head in Fig. 15-29 provides. 


эп accurate and reliable method of adjusting the boring tool to 
cut the desired diameter on the workpiece. There are several de- 
signs of offset boring-heads but they all serve to radially offset 
the boring tool. The amount of offset can be accurately controlled 
by graduations which are usually in one-ten-thousandths (0.0001) 
inch. On some offset boring-heads the boring tool can be fed rad 
ally outward, continuously, which is done when taking external 
facing cuts around а hole, when facing internal shoulders, and 
when cutting grooves inside the hole. 

А boring operation is illustrated in Fig. 15-30. The trial-cut 
procedure is used to perform the boring operation. A short trial 
cut is taken inside the bore and the resulting diameter is measured. 
Using the graduations on the offset boring-head, the boring tool 
is adjusted to the distance required to bore the hole to the desired 
site, Ifthe hole is close to the finish size, another trial cut is taken 
and a measurement is made to verify the previous setting of the 
offset boring-head. The hole is then bored to the required depth. 

When the diameter of the hole must be greatly enlarged by 
the boring tool, one or more rough boring cuts are taken to remove 
the bulk of the metal. If the workpiece becomes very hot in this 
process it should be allowed to cool before the finish boring cuts 
эге taken. Before the hole is bored to the finish size, one or two 
shallow cuts should be taken through the hole with a single-point 
boring tool. These cuts are important because they remove any 
error in the location of the hole brought about by the operations 
performed beforehand. After a sufficient number of light boring 
cuts have been taken through the hole, it is finished to size with 
the single-point boring tool. 

Sometimes, a reamer is used to finish the hole to size; however, 
before this tool is used, the location of the hole must be established 
by taking several light boring cuts with a single-point boring tool, 
a5 before. The hole should be bored 008 to .030 inch undersize 
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Fig. 15-29. Offset boring 


and the reamer is used to remove the excess metal in the hole to 
bring it to the required size. While this procedure is faster, it is 
not quite as accurate as when the hole is finished by boring. 


Using either sequence of operations, the best jig boring practice is to 
spot, drill of the holes before they arc finish bored, 
or finish hored and ream is reduces the possibility of human error 
because the table must be positioned at each hole location several times 
to serve as а check. Errors caused by temperature changes and by stresses 


are also reduced. 


and rough bore ail 
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Fig 15-30. Finish boring the hole to site on the jig borer. 


Jig Borer Accessories 


Many 
ean be done on 


accessories are available to enlarge the scope of the work that 
Jig borer. Two accessories for which there is frequent 
usc are shown in Fig. 15-31. In this illustration the workpiece 
оп a rotary table held im an angular position by a sine table. The sine 
table works on the principle of a sine bar or sineplate (sce Fig. 2-28). 
When in а horizontal position the table rests on two rolls attached to its 
underside precisely 10 wt. It can be raised to a precise angular 
position by placing a stack of precision gage blocks below one of the 
rolls while the other rein clamped to the base. The height of the gage 
block tack is ealeulated by multiplying the trigonometrie sinc function 
of the required angle by 10. 

There are many nse for a rotary table on a jig borer. The combina- 
tion of a rotary table elumped to the sine table ns shown in Fig. 15-31 is 
often used to jig hore holes that are at a compound angle with respect 
to other holes and surfaces. In this illustration the holes are spaced 
around a common center by indexing the rotary tai me rotary tables 
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Fig. 153, Jie-boring holes at an anal 
around a common center. The work is 


"able which is clamped 10 


ng head*, with 
iar amount or 


be made to rotate 
through equally spaced division tooth, Other rotary tables 
are graduated to read dircetiy „ and seconds. Precise 
rotary tables built by the Moore Special Tool Company, Ine. read to 5 
seconde ai y of = 
built by this company read to 1 
These tables can also be provided wit 

When a rotary table that re 
be rotated а number of e 
division must be calcula 
degrees. Since the rotary 
agrees, the cumulative va 


accurate to =2 seconds, 
iex plates as an attachment. 

l n degrees, ininutes, and seconds must 
ally spaced divisions, the angle hetwo 1 
er of divisions into 360 


* See Chapter 7, Machine Shop Practice, Volume 2 
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be calculated. If the true angle between cach division is not a whole num- 
ber of degrees, minutes, and seconds, the remainder must be carried as a 
fraction of a second in order to avoid errors when calculating the cumula- 
tive angle, 


Example 15-1 

Caleulate the cumulative angular reading between cach hole when 7 
holes are to be bored in a cireular pattern about а common center on an 
ultra-preeision rotary table. 

360+ 7=51" 25° 42%” 

Thus, the true angle between cach division is 51* 25° 425 
must be added to each successive angle to find the cum 
position of each hole. 


^; this amount 
ative angular 


Deges Minutes Seconds 


Hole 1 ы 23 аҹ 
Add я 5 42% 
Su im ют в 
ное? шю әп NN 
Aas BY Ж. 
Sum в my 
Hoe3 1н 17 8% 
Add оъ ш 
Sum 20> 2 30 
Holes %5 42 1% 
Add ы 25 а 
Sum 25 т Эз 
Holes 27 з мн 
Add ы 25 2 
Sum 38 33 76 
Ноев dS эз m4 
Add и 3 40% 
Sum 39 0 5% 
Hole7 380 0 0 


‘The actual rotary table positions for indexing are the values opposite 
the Hole numbers in the above table. Since there are 60 minutes in one 
degree and 60 seconds in one minute, the values at the table positions of 
the minutes and seconds iust not excced 60. It is, therefore, necessary to 
resolve the values into numbers that ean be read on the rotary table seale. 
For example, 84 12/7 seconds (sce the row above Hole 2) is larger than 
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опе minute, or 60 seconds. To resolve this number, remember that the 
numbers 59 7/7 and 60 are equal. To find the seconds for Hole 2, subtract 
59 7/7 from 84 12/7, which results in 25 5/7 seconds. This leaves one 
minute (50 7/7 seconds) which must be added to the 50 minutes, making 
51 minutes as the value for Hole 2 The other values are treated in the 
same manner, when necessary 

Precision V-blocks, Fig. 15-32, are used to hold eylindrieal parts. In 
the operation shown in this illustration, a light facing eut is being taken 
inside of a hole with an offsct boring head. Some offset boring heads, such 
as the one shown in Fig. 15-33, are eapable of fecding outwardly by hold- 
ing the upper ring fast with a hand lever while the body is rotated by the 
spindle. In this manner facing cuts, recessing cuts, undercutting, and 
outside diameters 
operations. 

Also shown in Fig. 15-33 are some typical 


an be cut, in addition to the usual precision boring 


lot bolts, strap clamps, 
heel blocks, and precision parallel setup blocks used to make setups on 
jig borers. A plentiful supply of these accessories is required to accom- 
modate the wide variety of setups that are made on a jig borer in an 


Fig. 15-32 Cylindrial workpiece set up on precision V-blocks for jig-boring 
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fect boring and faring head 


Fig 15-33 Unive taking а facing cut 


average shop, a t of which is illustrated in Fig. 15-34 
Matched box para to support the workpiece. 


Other accessories that are also frequently used but not illustrated are pre- 


lels arc used in this setu 
cision angle plates and ig borer vises. 

In addition to the usual precision hole machining operations, the jig 
borer ean also be used to take light end milling cuts. In order to preserve 
the aecuraey of the machine, it is not advisable to take extremely heavy 
cuts. Larger surfaces can be milled with a fly cutter, such as shown in 
Fig. 15-35. This cutter will sweep a relatively large area and yet not 
overload the spindle because only a single cutting edge is doing the 
cutting 


Jig Grinding on the Engine Lathe 

Hardened metals cannot be cut with an ordinary single-point cutting 
tool. The most effective way of machining these metals is by grinding, 
Tools and dies must frequently be finish-ground after they have been 
hardened. Certain precision machine parts must also be ground after they 
are hardened. Holes in hardened machine parts are frequently ground on 


Ch. 15 PRECISION HOLE LOCATION—THE JIG BORER 443 


Fig. 15:4, Precision box parallels used to elevate and clamp work above table-top. 


internal grinding machines, or on cylindrical grinding machines, using an 
internal grinding attachment. Although holes in hardened tools and dies 
are, on occasion, also ground on these machines, the size and nature of 
these components does not usually lend them to this method of grinding. 
Holes in hardened tools and dies can also be ground on an engine lathe 
(Fig. 15-39) but a preferable method is to grind them on a jig-grinding 
machine (Fig. 15-40) if one is available 

A hole must exist before it can be enlarged by grinding; thus, the holes 
that are to be ground have been drilled and bored into the workpiece 
before it is hardened. The heat treatment used to harden the workpiece 
usually causes a small change in the size of the hole and possibly, in its 
roundness. The grinding operation is used to correct these errors and to 
reestablish the precise location of the hole. 
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Fig. 15-35. Using a fly cutter to mill a large surface area on a jig-borer. 


Enough stock must be left in the hole by the drilling and boring opera- 
tion to allow the hole to be finished to size by grinding. The amount of 
grinding stock to be left in the hole will depend upon the size of the hole, 
the depth of the layer of hardened metal surrounding the hole, and the 
shape of the workpiece. Generally, but not invariably, the amount of 
stock left for grinding should be 008 to .015 inch for small holes and 
016 to 030 inch for larger holes. Hardened tools and dies, such as the 
blanking die in Fig. 15-37, should be ground all over on a surface grinder 
before the holes are ground. These surfaces should be ground square and 
parallel to each other. 

Usually, the existing holes in tools and dies form the basis from which 
the final hole location is determined. Thus, the first step is to measure the 
location of the existing holes. Errors caused by the heat-treating opera- 
tion or by previous machining operations will thus be detected and small 
errors can be corrected by the hole-grinding operation. Sometimes this is 
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done by slightly shifting the location of each hole provided that there is 
sufficient grinding stock in each hole. 

One method of locating the holes for grinding is by buttoning. The 
toolmakers buttons are fastened over the existing holes by one of the 
methods shown in Fig. 15-36. The buttons for all of the holes can be 
located from the two reference edges on the side of the workpiece by 
using the procedure deseribed earlier in this chapter. In other instances, 
опе of the holes is first ground to size and the remaining holes are then 
located from this hole 

A general outline of the procedure used is given using a blanking die as 
ап example. The first step is to mount this die on a faceplate which has 
been removed from the lathe. (See Fig. 15-37.) It is easier to mount the 
die when the surface of the faceplate is in a horizontal position. After the 
faceplate is attached to the lathe spindle, the blanking die is accurately 
located by indicating the hole as shown in Fig. 15-38. The hole is then 
ground to size using a tool-post grinding attachment. This operation, 
illustrated in Fig. 15-39, also serves to locate this hole in the die. A 
slight taper, or "draft" as it is called, of about one-quarter degree is then 
ground in the bottom of the hole to provide a clearance so that, when the 
die is used, the stock ean fall through the die. It is ground by traversing 
the grinding wheel through the hole with the compound rest which is posi- 
tioned at the draft angle 

‘The blanking die is then removed from the faceplate and toolmakers 
buttons are attached roughly in place over the remaining holes. It is placed 
оп a precision surfaee-plate and each button is located by measuring 
from the hole that has been ground. The blanking die must be mounted on 
the faceplate again and located by indieating one of the toolmakers but- 
tons as shown in Fig. 15-13. After the button is located it is removed. The 
hole is ground to finish size and the draft is ground in the back of the hole, 
‘This procedure is repeated until each hole in the die has been ground. 


Countess of Pha Moore Special Tosi Company 
Fig. 15-38. Methods of fastening toolmakers buttons over existing holes. 
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Сен» of The Moore Special Төн Company 


Fie 15:17. Clamping the workpiece to а lathe faceplate. The faceplate is removed 
rom the lathe spindle to make this job easier. 


The Jig Grinder 

‘An increase in accuracy and a savings in time are possible if the job 
described above is performed on a jig grinder. This machine, illustrated in 
Fig, 15-40, was developed by The Moore Special Tool Company as an 
answer to the jig-grinding problem. It is very similar in construction to 
the jig borer. The longitudinal and transverse table positions are obtained 
with the aid of a precise coordinate measuring system. On the Moore jig 
grinder, in Fig. 15-40, this system is based on two precision lead screws. 
For each direction of table movement the coarse table position is obtained 
by reading а steel rule, and the precise setting is obtained by reading a 
micrometer dial at the end of the serew. A vernier scale adjacent to the 
micrometer dial makes it possible to read one-ten-thousandth (0001) 
inch as in the case of the jig borer. 

In addition to this measuring system, the jig grinder in Fig. 15-40 has a. 
switchable inch-metrie digital readout that may be obtained to read either 
rents of 00005 in./0.0005 mm or 00001 in./0.001 min. The same 
digital readout can also he installed on jig borers. 

А fixed bridge type jig grinder is shown in Fig. 15-41. On this jig borer 
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as | 


Fig 1530. Locating а hole in а hardened die by mounting it on a faceplate and 
grinding it in a lathe using а toolpost gribding attachment 
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сеен ofthe Moore Special Foal Cu, ne 


Fig, 1541, Fixed bridge type jig-grinder equipped with inch-metrie preselect and 
readout systems. 


housing up and down. When grinding, the grinding spindle moves up and 
down with a reciprocating motion. The coordinate hole locations are ob- 
tained by a switchable inch-metrie preselect and readout system. The 
required coordinate dimensions are dialed into the system and displayed 
оп the digital readout; then, the movements to the coordinate location 
are made by simply depressing a push button. These movements and the 
necessary position readings can also be made by means of manual 
controls. 

On all jig grinders the grinding wheel spindle is driven by an air tur- 
bine. Four different turbines having different spindle speeds can be at- 
tached to the machine; the speeds range from 7,000 rpm to 175,000 rpm. 
‘The grinding wheel is moved radially outward from the axis of rotation 
of the main spindle by a coarse and fine control, thereby providing an 
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adjustment for grinding the holes to size. Provisions are also made to 
enable tapered holes to be ground, having an angle up to 1% degrees, or 
а 3 degree ineluded angle. This fes «d to grind the draft or stock 
elearanee in the lower portion of die openings. Holes as small as 1/64 in. 
{04 mm) ean be ground using small grinding mandrels that are charged 


The type of abrasive н 
of material to be groun 
finish required, 
Many steels ine 


on the grinding wheel depends on the type 

nt of stock to he removed, the su 
wheel and the size of the hale. 
"he ground with an aluminum oxide 
abrasive, A dian 4 very small holes and ee- 
mented carbides. Cubie boron nitride abrasive, sold under the trade name 
of Borazon®, is very effective for grinding tool steels, especially the high 
carbon, high chrome, and high-speed steels 


dig Grinding Practice 


‘The jig grinder is used to grind holes and complex profile contours in 
pinches, dies, jigs, molds, and on other precision parts. The operating 
procedure of а jig grimler is very similar to operating a jig borer, the 
principal ditferener being that the hole ix ground to size instead of being 
bored to size. This procedure involves the same four basie steps which 
follow: 


1. Align and elamp the workpieee on the 

2 Locate the reference isis, ог ж 
to the main spindle. 

& Locate the spindle axis over the hole to be ground in the workpicee 

Grind the hole to size. 


ig grinder table. 
wees, of the workpiece with respect 


Sinee the first three steps are done exactly alike on the jig grinder and 
Jig borer, they will not he repeated. 

The general procedure for grinding a number of holes in а workpiece on 
a jig grinder will vary somewhat, depending on the nature of the work- 
piece. However, very frequently, the best procedure is first of all to rough 
grind all of the holes 001 to .004 inch (0.02 to 0.10 mum) undersize, after 
which the work] allowed to cool to room temperature; then all of 
the holes are finish ground to size. Often lamp the 
workpicee and then to elamp it 
relieve the stresses set up in the workpiece by the rough-grinding oper- 
ation. 

Holes are ground on the jig grinder by the planetary 
mnethod, whieh is illustrated im Fig. 15-42 In pl 
grinding wheel rotates at a high speed about its own 


internal grinding 
ту grinding the 
xis while at the 
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Planetary path of 
wheel spindle orouna 


‘main spadie ома 
slow rolahon 
Fix, 1542. The principle of grinding а hole on а jig-erinder by planctary internal 


grinding method, 


same time it is made to travel continuously in а circular path—called the 
planetary path—at a slow speed, thereby grinding a cylindrical surface 
inside of the hole, Simultaneously with these motions the grinding wheel 
is usually, but not always, made to reciprocate back and forth parallel to 
the axis of the hole in order to grind the entire wall of the hole. The axis 
of the ground hole will coineide with the axis of the main spindle. The size 
of the hole ix determined by the outward radial position of the grinding 
wheel. 

Except when grinding very small holes, the plunge grinding method is 
recommended for rough grinding when a large amount of stock must be 
removed, especially when grinding tough and abrasive resistant stcels. 
From .010 to .040 inch (025 to 1.02 mm) stock can be removed in a 
single pass. In plunge grinding the reciprocating motion is not used; in- 
ad, à deep grinding cut is taken, as described above, while feeding the 
grinding wheel very slowly downward through the hole using the manual 
fine feed control. The grinding is done by the outer corner of the face of 
the wheel. When the abrasive in this region of the wheel gets dull it will 
break off, exposing sharp abrasive particles without altering the diameter 
of the wheel. 

Finish grinding a hole to size is usually done by the reciprocating 
method, This method is sometimes also used for rough grinding, especially 
when the amount of stock to be removed is small. The length of the 
reciprocating stroke is adjusted according to the length of the hole, tak- 
ing саге that the grinding wheel is at all times in contact with the wall of 
the hole when grinding in order to prevent grinding a bell-mouth shape at 
the end of the hole. The hole is ground to size using the trial cut proce- 
dure. After a grinding eut has been taken in the hole, the grinding wheel 
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is withdrawn and the diameter of the hole is measured. The grinding 
wheel is then inserted back into the hole without makng an outward ad- 
justment. The required amount of outward radial adjustment of the 
grinding wheel is made slowly and carefully while the hole is being 
ground. Several trial euts are usually necessary to finish a hole to size 
Whenever the grinding wheel is withdrawn from the hole it should be 
allowed to reciprocate up and down a number of times without "outfeed- 
ing" the wheel to allow it to “spark out.” 

‘The jig grinder is also used to grind profile contours on punches, dies, 
and in molds, А typical contour grinding job is illustrated in Fig. 15- 
which shows a lamination die being ground. The profile of this die con- 
sists of a series of interconnected arcs. Each segment of the are is ground 
by positioning the jig grinder table so that the center of the are on the 


Fig. 1543. Grinding a lamination die profile contour with a jie-erinder 
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workpiece coincides with the axis of the main spindle. When in this po- 
sition, the grinding wheel is offset radially the required distance and made 
to rotate along a planetary path (Fig. 15-42) by rotating the main spin- 
dle through the part of а revolution, or are length, as required to grind 
the are on the workpiece. The jig grinder in Fig. 15-43 has an attachment 
that rotates the main spindle by power through the exact arc length, 
or part of a revolution, required. On jig grinders that do not have this 
feature the main spindle is rotated manually. The complete contour 
grinding sequence necessary to finish this die is shown in Fig. 15-44 
Often sharp internal corners are encountered in profile contour grinding, 
such as the intersection of the sides and ends of the blanking station of 
the lamination die shown in Fig. 15-45. Sharp corners such as these are 
ground with the slot grinding attachment shown in this illustration, In 
this case, the entire profile may be ground with this attachment, Many 
other attachments are available to increase the versatility of the jig 
grinder and to allow it to perform additional operations on punches, 
dies, and other precision parts. 


Transfer of Tolerances 


All of the dimensions that must be accurately held on precision machine 
and engine parts are usually given a tolerance. When such dimensions 


Fig. 1544, Step-by-step procedure for grinding the contour profile of the lamination 
die. 
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Fig. 1545. Grinding internal profile of the blanking station of the lamination die 
"Wing a «lot-£rinding attachment on a jt-rinder. 


must be changed from the conventional system of dimensioning to co- 
ordinate dimensions, the tolerances must also be included. The tolerances 
of the dimensions on the coordinate system of dimensioning will not be 
the same as on the conventional system of dimensioning from which they 
were derived. The new tolerances on the coordinate system of dimension- 
ing must be carefully calculated, otherwise scrious errors will result. In 
most instances, changing from the conventional to the coordinate system 
of dimensioning will reduce the tolerances. 
‘The principle of the transfer of tolerances can be stated as follows: 
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When transferring tolerances from the conventional dimensioning system to 
the coordinate dimensioning system, the sum of the tolerances of any pair of 
dimensions on the coordinate system must not exceed the tolerance of the 
dimension that they replace on the conventional system, 


This principle can best be learned by following an example: 


‘The 2000+005 dimension between two holes shown at A, in Fig. 15-46 is 
replaced by the 1.000= 0995 and the 3.000 9?!*-inch dimensions in the 
coordinate systems shown atC, in Fig. 15-46. The sum of the tolerances in 
view C; ie. (5.0005 and =.0045) must not exceed +.005-inch, otherwise 
the original tolerance of the 2.000*-°°° dimension can be exceeded and 
the workpiece will not meet the original dimensional requirements. It is 
important to realize that the sum of the new tolerances on the coordinate. 
dimensions may be less than the original tolerance which they replace; 
however, they must never exceed the original tolerance. 

Tt is best to follow а set procedure in order to transfer dimensions and 
tolerances from a conventional to а coordinate dimensioning system, 


‘This procedure is outlined below, and using the 2.125.991 dimension in A, 
Fig. 15-46, as an example: 


1, Where necessary, change the tolerances so that each dimension has 
an equal bilateral tolerance. 
In order to maintain the original dimensional requirement, the 


corresponding dimension must also be changed. The Ff toler- 


ance of the 2.125 dimension is changed to = 002, which is an equal 
ilateral tolerance. (Note that the total tolerance of 004 inch has 
not been changed.) The original dimensional requirements are 
maintained if the dimension is changed from 2.125 inches to 2.126 
inches, The new dimension, 2.126002 is shown in view B. (Note 
that the dimension has not really changed, since in both cases, the 
limiting dimensions are 2.128 and 2.124 inches.) 
2, Transfer the revised basic dimensions to the coordinate dimension 


jal basic dimension was 2.125 inches, which was re- 

vised in Step 1 to 2.126 inches. In the coordinate system ti 
dimension is replaced by the .8750- and the 3,0010-inches dimen- 
sions. (The 3.0010 dimension is obtained by adding 8750 + 2.126 
inches.) 

3. Transfer the tolerances. 

‘The sum of the tolerances of the 8750 and the 3.0010 dimen- 
sions must not exceed the tolerance of the 2.126 dimension, or 
2.002 inch, which is the available tolerance. If the available 
tolerance is to be distributed equally, then each new dimension 
will have 5.0010 tolerance. These dimensions will then read: 
875059910 and 3.0010 0019. 
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Fig. 1546. A. Conventional dimensions—mixed tolerances; B. Conventional dimen- 
sions—all equal, bilateral tolerances; and C. Coordinate dimensions. 
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Sometimes the tolerance of a dimension on the coordinate-system 
drawing is affected by more than one dimensional requirement. In this 
‘ease, the final tolerance used must be that which fulfills all of the require- 
ments. For example, consider the 502797? dimension in view B. It is 
replaced by the 30010 and the 3.5030 dimensions in view C. If the 
3.0010 and 35030 dimensions are each given а =.001 tolerance, the sum 
of their tolerance would not exceed the original 2002 tolerance and, 
presumably, the requirements for the transfer of tolerances would be met. 
However, the 35030 dimension together with the 4.6280 dimension re- 
places the 1.125 dimension in view В, which has a tolerance of only 
3:.001 inch. Thus, the sum of the tolerances on the 3.5030 and the 4.6280 
dimensions cannot exceed 3-001 inch which, when divided equally, 
amounts to 2.0005 inch. ‘The 35030-inch dimension must therefore be 
given the lesser tolerance of 50005 inch, 

For this reason, when transferring the tolerance it is usually best to 
start with the smallest tolerance. Also note that the sum of the tolerances 
replacing the 502°? dimension is less than the = 002 inch. This is 
satisfactory since the sum of the new tolerances does not exceed the 
original tolerances 

‘When a tolerance is bound by a small tolerance, as in the case of the 
502 dimension, it is sometimes possible to increase an adjacent toler- 
ance on the coordinate dimension drawing. For example, the 2000-inch. 
dimension in view B, which has a tolerance of = 005 inch is replaced by 
а 10000- and а 30000-inch dimension on the coordinate drawing, Each 
of these dimensions could be given a tolerance of =: 0025 inch; however, 
the tolerance of the 1.0000-inch dimension on the coordinate drawing is 
bound by the requirement of the * 001 tolerance of the 1000 dimension 
shown at the right side, in view B. Thus, the 1.0000 dimension in view C, 
together with the 2.0000 dimension, must have a total dimension tolerance 
of =.0010 or 50005 inch on the 1.0000-inch dimension. Since the sum 
of the tolerances of the 1.0000 and the 3.0000 dimensions (view C) can be 
= 005 inch, the tolerance of the 3.000 dimension can be increased to 
0015 inch 

‘The basis for the determination of the final tolerances for the coordi- 
nate dimensions (C, Fig. 15-46) is summarized below: 

8750-91 The =.0010 tolerance together with the =.0010 toler- 
ance of the 3.0010 dimension is required to maintain the 
2.002 tolerance for the 2.126 dimension. 

30010=0010: See requirements for the 875079"! dimension given 
above. 

3508020003: The = 0005 tolerance together with the = 0005 toler- 
ance of the 46280 dimension is required to maintain the 
+.001 tolerance for the 1.125* °°? dimension. 

4280-0995: Зее requirements for the 3.5030= 9905 dimensions given 
above. 

1.0000=0005: The =.0005 tolerance together with the 50005 toler- 
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ance of the 2000 dimension is required to maintain the 

001 for the 1.0007-79 dimension given at the right, 
in view B. 

2.0000 0005: Sec requirements for the 1.00007 9"0* dimension given 
above. 

3000029002; The 0045 tolerance, together with the =.0005 tolerance 
of the 10000 dimension in view C, is required to 
maintain the =.005 tolerance for the 20007905 dimen- 
sion in view B. 


СНАРТЕВ 16 


Metal Cutting Saws 


Originally, metal-eutting saws were primarily used to cut off bar stock 
and structural steel, to length. This is still a very important area of 
application for metal cutting saws; however, the range of application has. 
been extended to include shaping of metal into finished and semifinished 
machine components, tools, dies, jigs, and fixtures. This work is called 
band machining. It has been made possible by the development of the 
metal cutting bund-saw blade along with the development of the vertical 
contour band-sawing machine. 


‘The Power Hacksaw 

The power hacksaw is used to cut off bar stock, to length. The blade 
is held in a frame that is given a back and forth, or reciprocating, motion. 
‘The saw blade is forced into the work during the cutting stroke, while 
during the return stroke it is backed off from the work. This is done 
hydraulically on the saw shown in Fig. 16-1. The hydraulic pressure can 
be varied to suit the type of workpiece being cut. It has four cutting 

(35, 70, 100, and 140 spm) which enable it to cut a variety of 
from aluminum to tough alloy steels. A coolant reservoir and 
а coolant pump located in the cabinet base provide an ample supply of 
cutting fluid at the saw blade. A fully automatic, power hac shown 
in Fig. 16-2. The operator merely loads the stock on the machine and sets 
it into operation by pushing the start button. After each cut has been com- 
pleted, the traveling carriage, located on the stock rack, feeds the bar 
stock to the required position for the next eut. The hydraulically actu- 
ated vise then clamps the work and the saw begins to cut. An overhead 
clamp enables the work to be bundled, thereby making it possible to cut 
off two or more bars of stock during one cut. This machine can also be 
‘operated manually for short runs or single cuts. 

‘Most power hacksaw blades are made from high-speed steel. Some 
blades have hardened high-speed steel teeth which are welded to a tough 
steel back. The size of the hacksaw blade teeth is dependent on the num- 
ber of teeth per inch; fewer teeth per inch will result in a larger tooth. The 
number of tecth per inch to be used depends upon the hardness of the 
material being eut and upon the size and shape of the workpiece. The 
power hacksaw blade to be uscd in cutting mild materials in large see- 
tions should have 4 to 6 teeth per inch, while harder materials in large 
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Courtney of Racine Hvdraice & Machinery Ine 
Fig 16-1, Power hackswing machine. 


sections should have 6 to 10 teeth per inch. When sawing pipes or tubing, 
the saw blade should have at least 14 teeth per inch. Structural steel 
shapes such as angles, T's, and channels require saw blades hı 


Coty of Racine Ну & Machinery Ine 


Fig. 16-2. Automatic power backsaw provided with overhead clamp to cut off 
bar stock in bundles 
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14 teeth per inch depending on the thickness of the thinnest section and 
the way that the work is clamped in the hacksaw vise. Recommendations 
for cutting speed, teeth per inch, and feeding forces are given in Table 
16-1. 


Table 16-1. Recommended Saw-blade Pitch, Cutting Speed, and Feed 
for Power Hacksaw Operation 


[ Saw-blade | Cutting Feed 
| Material Teeth, Speed, Weight or Force, 
| per inch Spm lbs. 
Steel (125-180 Bhn) аюв 120 150 
Steel (181-250 Bhn) to 10 100 125 
Ferritie Stainless Steel 406 no 125 
Austenitic Stainless Steel 4106 E] 125 
Maetensitie Stainless Steel азов 125 
Carbon Tool Steel 6010 75 125 
High-Speed Steel 61010 00 125 
Structural Steel ШЕ] 120 125 
Steel Tubing. м 120 0 
6t0 10 130 125 
и 130 в 
61010 150 
Hard Brass 61010 по 60 
Bronze 6010 по 125 
Nickel Silver 61010 60 180 
Manganese Bronze. 61010 E] 60 
Cast Iron 6 to 10 120 125 
Tron Pipe 10 to 14 120 125 
Aluminum Alloy 1ю 60 
Aluminum- Heat Treated 4010 120 60 
Aluminum-Soft 4106 180 60 


Band Type Cutoff Saw 

The band type cutoff saw, Fig. 16-3, utilizes a metal cutting band- 
saw blade to cut off bar stock and structural-steel sections, to length. 
The band-saw blades for these saws can be obtained already welded to- 
gether into a loop of suitable size for each machine. The principle of 
‘operation of the band type cutoff saw is shown in Fig. 16-4. The saw blade 
revolves around the drive wheel and the idler wheel. The blade is twisted 
by the saw guides to bring the teeth into a vertical position in order to 
cut through the work. The guides also support the blade near the work, 
thereby reducing the tendeney of the blade to bend away from the work. 
‘The blade can be made to cut at different speeds in order to cut different 
materials. One advantage of the band type cutoff saw is that the saw 
blade cuts continuously. Thus, the non-cutting time during the return 
stroke of the power hacksaw is saved. Furthermore, since it is not neces- 
sary to reverse the direction of the saw blade at the end of each stroke, 
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сене of the белы, Company 
163. Band type cutoff sawing machine. 


higher cutting speeds can be used on band type cutoff saws where the 
characteristics of the material being cut will allow their use. A continu- 
ously uniform feeding pressure is kept on the saw blade which is adjusted 
to suit the material being cut. Angular cuts can be taken on some band 
cutoff saws. Production band cutoff saws can be obtained that will handle 
bundles of stock and that will operate completely automatically. 


сеннен of the DeALL Company 
Fig 16-4 Operating principle of the омой band 
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Vertical-Contour Band-Sawing Machine 

А vertical-contour band-sawing machine is illustrated in Fig. 16-5 with 
cabinet cover removed in one view, and all parts of the machine named, 
Although there are different makes and models of these machines their 
basic features are similar. The base supports the column and houses the 
hydraulic system for actuating the table feed, the electrical controls, the 
electric-drive motor, the transmission, the drive wheel, and the air com- 
pressor. The column encloses the return route of the saw blade. Tt sup- 
ports the head, and mounted on its face are the band-saw speed-tachom- 
eter, the blade shear, the table feed-rate and force control, the butt 
welder for welding blades, the grinder, and the on-off push button. The 
head of the machine houses the idler wheel and its adjusting mechanism, 
and it supports the saw guidepost, 

‘The band-saw blade is driven by the lower drive wheel. The blade is 
supported by and runs the idler wheel located in the head. It must be held 
between these wheels with a predetermined amount of tension which is 
dependent upon the size of the blade and the material {rom which it is 
made. The tension is adjusted by turning the wheel-elevating screw. Мапу 
band saws have a tension indicator which is calibrated to read the rec- 
ommended tension. The band must then be checked for tracking and 
alignment with the saw guides. The idler wheel in the head can be tilted 
to make this adjustment by releasing the lock knob and turning the ad- 
justing knob (located in the center of this wheel), while turning the 
wheels slowly by hand. Some wheels are crowned, while others have a 
flange against which the blade runs. Crowned wheels are adjusted until 
the center of the blade runs on the crown of the wheel. On flanged wheels 
the blade is adjusted to ride against the flange. The blade must also be 
adjusted to the back-up thrust bearings which are located behind the 
saw guides, Fig. 16-6. The wheel-adjusting knob should be turned until 
the back edge of the saw blade just touches the back-up thrust bearing 
with no noticeable gap between them. 

‘There are two sets of saw guides; one set is located below the table and 
the other set is attached to the guidepost above the table. In Fig. 16-6, 
the table has been removed to show both sets of saw guides. Saw guides 
are made in different widths to mateh the width of the saw blade, The 
guides should be adjusted until there is about 002-ineh clearance between 
the guide and the saw blade. The upper saw guide can be adjusted ver- 
tically. It should always be positioned as close to the work as possible in 
order to provide the maximum support to the saw blade. When sawing at 
high speeds (2,000 fpm, or more), roller type saw guides must be used. 

Most vertical-contour band-sawing machines are equipped with an 
infinitely variable speed drive. The speeds are adjusted by simply turning 
а handwheel, The recommended cutting speeds for different materials are 
given in Table 16-2. 

The saw table on most vertical band-sawing machines can be tilted 
10- to 15-degrees to the left, and 45 degrees to the right. Some machines 
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are equipped with a stationary table where the work must be fed into the 
saw blade by hand or by a weight-actuated feeding arrangement. The 
weight is attached to a cable system which pulls the work into the saw 
blade, Many contour band-sawing machines are equipped with a hydraulic 
table feed. The workpiece is clamped to the table and the table feed, actu- 
ated by a hydraulic cylinder, feeds the work into the saw blade, The 
hydraulic table feed has two characteristics, the feed rate and the feeding 


900, „У 
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Fig 16-5. Vertcal-contour band-tawing machine. 
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pressure, which are independent of each other and are adjusted sepa- 
rately. Their purpose should be understood, 

‘The feed rate determines how fast the table will feed. It is controlled 
by a hydraulic flow-control valve which determines the rate of flow of 
the oil into the table feed-eylinder. 

‘The feeding pressure determines the maximum force that can be exerted 
by the workpiece against the saw blade before the table will stall. In- 
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(Left) Front view; (Right) Rear view. 
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Courter of the DOALL Company 
Fig. 16-6 Precision, insert type saw guides and back-up thrust bearings 


setting does not determine the pressure that will be used to saw the work- 
piece. It will determine the pressure inside the table feed-cylinder at 
which the table will stall, as stated above. 

‘The feed rate and the pressure that should be used depend upon many 
factors that, in combination, are unique for each job. Among the factors 
that must be considered in selecting the feed rate and pressure settings 
are: type of work material, thickness of the workpiece, type of saw blade, 
piteh of the saw blade, width and thickness of the saw blade, sharpness 
of the saw-blade teeth, surface finish required on the work, and the dis- 
tance between the upper and lower saw guides. 


Most power hacksaw and band-saw blades are made from earbon alloy 
tool steel or from high-speed steel Less commonly used are band-saw 
blades with small, cemented-carbide tips brazed on the end of the teeth. 
Band-saw blades are also made with industrial diamonds coating the 
‘edge of the blade or with either aluminum oxide or silicon-carbide abra- 
sives coating the edges. The cemented-carbide tipped blades are used to 
saw difficult-to-machine materials such as: pure tungsten, beryllium, 
high-temperature alloys, foamed glass, ete. The abrasive-coated steel 
bands are used for deburring, corner breaking, and for rough and finish 
polishing of metals. They are also used to cut hardened steel, exotic 
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— RACK CLEARANCE. ANGLE 
Fig. 16-7. Names of the parts of a saw blade 
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alloys, and abrasive nonmetallic materials. Special steel blades аге 
able for slicing such materials as cork and foam rubber. 

The majority of the work on band saws, however, is done with carbon- 
alloy steel or high-speed steel saw blades. The recommended cutting 
speeds given in Table 16-2 are for sawing different grades of steel with 
carbon-tool steel or high-speed steel saw blades. These recommendations 
should only be used as a starting point. Conditions at the job can make 
deviations from these recommendations necessary 

‘The names of the parts of а saw blade are given in Fig. 16-7. There 
are four, basic tooth forms which are shown in Fig. 16-8 The precision, 
ог regular-tooth, form is the most common. It has a zero-degree rake 
angle and a 30-degree back-clearance angle. The gullet is deep and has a 
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Fig. 16-8, The basic band-aw blade-tooth forms The names of the tooth forme from 
top to bottom are: buttress, claw tooth, precision, and tungsten carbide. 
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smooth radius at the bottom providing an ample chip-capacity for most 
sawing operations. It cuts accurately and can produce a good surface 
finish. The preeision-tooth form is the most versatile and is recom- 
mended for contour work and for straight cuts, The buttress, or skip tooth, 
tooth form is the same as the precision-tooth form given except that the 
gullet has been lengthened to handle larger chip loads. It is primarily 
recommended for taking deep cuts in nonferrous metals, wood, and plas- 
ties, The elaw-tooth form has a positive rake angle and а lengthened gullet 
similar to the buttress-tooth form. It is recommended for cutting all 
metals, wood, and plasties and is particularly recommended for thick 
Nork-sections. The positive rake angle requires a minimum feed pressure 
to penetrate into the work, thereby extending the tool life of the blade. 
The carbide blade has small carbide tips brazed on the end which are used 
for cutting diffcult-to-cut materials. 

There are five characteristics that must be specified in order to select 
a saw blade, These characteristics are: the tooth form, pitch, width, gage, 
and set, The pitch is the number of teeth per inch. The pitch is selected 
primarily on the basis of the thickness of the workpiece to be cut. At 
least two teeth should always be in contact with the work; however, it 
is preferable to have even more teeth in contact. Other factors, such’ as 
work material and the finish desired must also be considered in making 
the final selection of the piteh. For average work conditions the following 
pitches are recommended: 14- to 14-inch thick, 8-10 pitch; 14- to 1-inch 
thiek, В pitch; 1- to 3-inches thick, 6 pitch; 3- to 6-inches thick, 4 pitch; 
6 inches and over, 3 piteh claw-tooth form. The above pitches recom- 
mended should have the precision-tooth form. The width of the blade is 
the distance from the tip of the tooth to the back of the blade. The width 
of the blade is selected on the basis of the minimum radius that is to be 
sawed, A radius chart for selecting the blade width is shown in Fig. 16-9. 
А wide blade is most accurate for cutting a straight line. The gage of the 
blade is the thickness of the band expressed in inches. A thicker blade has 
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Fig. 18-9. Radius chart for selecting band-eaw width 
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Fig. 16-10. Basic band-saw tooth patterns, (Left) Wavy set (Center) Straight set. 
Right) Reker set 


а greater beam strength, or resistance to bending, When the width of the 
blade is limited by the machine capacity or by the radius to be cut, the 
beam strength can be increased by using the same width blade but in a 
heavier gage. The heavier gages also have more resistance to side displace- 
ment and are recommended for sawing large workpieces where extreme 
accuracy is required. Set is the total amount that the teeth are offset (Fig. 
16-10), to provide side clearance for the back of the band. The set of the 
saw blade enables it to cut contours, The width of the kerf, or slot, eut by 


Content of 


Grinding eod of band-saw blade in preparation for welding. Note 
saw teeth on opposite sides 
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to welding, to insure correct tooth-spacing 
on welded blade 


Fig 16-12. Preparation of teeth 


the blade is greater than the gage which allows the back of the saw blade 
to turn. There are three types of set patterns; raker, straight, and wave. 
The raker set is the most common. It has one tooth offset to the right, one 
to the left, and the next one remains straight. It is recommended for work 
of constant cross section, from thin to extra heavy, such as bar stock, 
forgings, and die blocks. The wave set has a group of teeth offset to the 
left and another group offset to the right to form a wave pattern, It is 
recommended for work having a varying cross section, such as pipe, 
tubing, angles, and structural sections. The straight set has every other 
tooth alternating from left to right. It is used for free-cutting materials 
such as aluminum or wood. 

The saw blade used on vertical-contour band-sawing machines is 
obtained in coils and must be welded together to form а loop. The band 
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may be cut to length on the blade shear (which is attached to the 
machine) or with tin snips. When snips are used, the ends of the blade 
must be ground to make certain that they will fit together perfectly. The 
ends are brought together with the teeth on opposite sides, as shown in 
1, and the ends are ground, It is not necessary to grind the ends 
e. When the blade is ground with the ends held as in Fig. 
16-11 they will match perfectly when brought together to form the loop 
regardless of the angle to which they are ground. Some of the teeth must 
be ground off from all blades having a pitch from 4 to 10 so that the tooth 
spacing will be uniform after the weld has been made. About %4 inch of 
metal will be consumed during the welding process and this loss of 
‘material must be taken into account. Instructions for grinding are given 
in Fig. 16-12. This grinding operation must be done with great care in 
order to grind the right number of teeth, or portion of a tooth, and not to 
grind below the gullet which would weaken the blade. 

After the blade has been properly prepared for welding it is inserted 
їп the butt welder, Fig. 16-13, with the teeth facing out and with the back 
of the blade firmly seated against the back alignment surface of the 
welder. One jaw of the welder is adjusted to bring a pressure to bear on 
the two ends of the blade that are in contact. The amount of this pressure 
and the voltage setting of the welder are obtained on charts that are 
furnished with each machine. If the saw blade is to be used to make an 
inside cut, as in Fig. 16-13, make certain that the blade passes through 
the hole in the workpiece before the weld is made. The weld is made auto- 


Fig 16-13. Welding a band-caw blade together in preparation for making an 
"aside cut on the part 
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Courter of the DoALL Company 
Fig. 16-16, Example of a perfect hand-taw-blade weld 


matically when the welding switch is pressed. The weld is made by passing 
a low-voltage high-amperage current through the welder jaws and into 
the blade, The current flows toward the ends of the blade where the re- 
sistance to the current flow causes the metal in this area to heat up. 
When this happens, the metal in the joint becomes soft and flows to- 
gether. The movable jaw of the welder causes the metal ih the weld to 
compress together and form a flash. When the weld is completed it will be 
very hard and very brittle. Before it can be used it must be annealed and 
the flash must bc removed. The welding flash can be removed on the 
grinder. Care should be exercised to avoid grinding the blade too thin 
and thereby reducing its strength. The weld is annealed by clamping the 
blade in the jaws of the butt welder. The welder is adjusted to anneal and 
hest is applied by pushing in or jogging the annealing switch until the 
weld reaches a dull cherry-red color. Avoid overheating the weld as this 
could well re-harden it. Before the blade is placed in the machine it should 
be inspected visually. One example of a perfect weld is shown in Fig. 
1644. 


Band Machining. 

‘The basic approach to band machining is similar to working on other 
machine tools. The following steps should be taken: 1. analyze the job; 
2. make a layout; 3. set up the machine; 4. cut the work to size on the 
machine; and 5. inspect the work. The job is begun by analyzing how it 
can be done most effectively. The next step is to make a layout. In the 
case of band machining this must be done carefully and accurately be- 
cause the final results can be no better than the layout. The machine 
setup involves installing the correct blade, and setting the machine to 
cut at the correct cutting speed. If a power feed is to be used the work- 
piece will have to be held in place or clamped to the table, and the correct 
feed rate and pressure settings made. The part is cut by feeding the work- 
piece past the blade and keeping as close as possible to the layout line. 
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Finally, the work is inspeeted in order to make certain that the results 
are as specified by the part drawing. 

‘The workpiece is frequently fed into the eut by hand. It can be held 
directly in the hand as shown in Fig. 16-15. This illustration shows а 
blanking punch and die, being made in one operation. The job is started 
by first laying out the die. A hole is drilled inside the layout of the die 
at an angle (Fig. 16-16), so that it intersects the location of the layout 
line at the center of the two-inch thickness and comes through the die 
block on the other side, at а location that is outside the layout line of the 
Punch. A narrow saw blade is passed through the hole and welded to- 
gether, The saw table is set at the required angle for the saw cut (7 de- 
grees, in this case) and the punch is cut out by sawing just inside the 
die Iayout-line and just outside the punch layout-line (Fig. 16-16). Thus, 
there is enough material on the punch and the die so that they can be 
filed to fit together with the required amount of clearance. Several 
punches and dies finished by this method are shown in Fig. 16-17. The 
filing of the punch and the die ean also be done on the vertical-contour 
band saw, using a file band. This is а quick and economical method of 
making a short-run trimming, blanking or shaving die. It saves material 
because the slug that is removed from the center is made into the punch 
If this method of making a punch and a die from one part is to be used, 
the part cannot have any sharp corners or radii. In other words, the saw 
must be able to cut continuously around the die without interruption. 


Ри. 16-15. Sawing а blanking punch and die in one operation, 
"with the work table tilted. 
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Fig. 16-10. Diagram showing the angles of tbe starting hole and the saw band in 2-inch 
material when making a blanking punch and die in one operation. 


(Courtesy af the белы, Company 


Fig 16-17. Several finished punches and dies made on the vertial-contour band saw. 
Note remainder of starting hole on punch in upper-right view. 
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The dimensions necessary to design and make a die by this method are 
given in Table 16-3. 


Table 16-3. Basic Dimensions for Making Punch and Die, 
Бу Method Shown in Fig. 16-16 
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Another fast method of making low-cost dies is called the Continental 
Process. This process is illustrated in Figs. 16-18 through 16-21. The die, 
punch, and a guide plate are made from thin sections of steel, on a 
vertical-contour band saw. To make the stamping, Fig. 16-18, the work 
material, which is a piece of sheet metal, is placed between the die and 
the guide plate. The punch is then placed in the guide plate, over the 
work. The ram of a punch press (or arbor press) forces the punch into 
the die, thereby cutting out the blank. Dies for drawing, bending, and a 
variety of other stamping operations can be made by this process. 

Tn this ease, the punch and the die are made separately. The first step 
is to carefully lay out the die. Four holes are drilled in the corners of the 
die block to receive dowel pins which are used to hold the guide plate. 
Corresponding holes are drilled in the guide plate using the holes in the 
die block to guide the drill. After the punch plate is assembled tightly 
against the die block, a hole is drilled in this assembly, inside of the lay- 
out lines. The band-saw blade is inserted through this hole (see Fig. 
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Fig. 16-18 Blanking punch and die made by the Continental Process on a vertical- 
contour band-awing machine 


16-13) and welded together. The opening is then sawed out by manually 
guiding the work so that the saw cuts just inside the layout line allowing 
а small amount of metal to remain for filing, Fig. 16-19. The workpiece 
is held in a workjaw which makes it easier to guide the workpiece and 
follow the layout. After cutting, a band file (Fig. 16-20) is placed in the 
saw and the die block and guide plate are filed to size. The punch plate 
is disassembled from the die block and is used to lay out the punch. It. 
is then reassembled to the die block with suitable shims between them. 
The shims should be just large enough to allow the work material to be 
inserted. The punch is then cut and filed to size on the band saw (see 
Fig. 16-21) 

‘The cutting of contours can be facilitated by the attachment shown 
in Fig. 16-22. This attachment is called a servo-contour directional feed 
control. The operator follows the contour on the part by regulating the 
hydraulic table-feed rate during the cut and by turning the handwheel 
which rotates the parts'through a movement of the roller chain. The 
roller chain can be placed directly around the work, as shown, or the 
work can be placed in а workjaw (Fig. 16-19) which would, in this case, 
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have the roller chain placed around it. Three-dimensional parts such as 
those shown in Fig. 16-23 can be made on the vertical-contour band- 
sawing machine. This machine can be provided with fixtures enabling it to 
do production work. An example is seen in Fig. 16-24 where the сар of a 
large Diesel engine connecting-rod forging is being separated. The fix- 
ture firmly holds the forging and accurately locates it with respect to the 
saw blade. The fixture is clamped to the table so that the cut is made 
using the power table-feed. 

А great variety of additional work can be done on the vertical-contour 
band saw. Friction sawing, which utilizes the friction between the saw 
blade and the work to generate high temperatures a short distance ahead 
of the blade in the workpiece, is capable of cutting at extremely high 
feed rates. Metals that are impossible to cut in any other way can be 
eut by this method. Also, thin aircraft materials,distorted when sawed by 
conventional methods,can be sawed safely by friction sawing. The cutting 
speed of the saw blade for friction sawing is between 6,000 and 15,000 
pm. Friction sawing is possible because each saw tooth is in contact 
with the work for only a fraction of a second and there is too little time 
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Fig 16:19, Sawing contour of die to layout line using work jaw to feed the workpiece. 
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ig. 16-20. Filing the block of the die using a file band. 


Fig 16-21. Sawing the contour of a punch using а fat vise to hold and feed 
the workpiece 
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‘and servo-contour directional 


Fig. 16-22. Combining the hydraul 
f lines and contours. 


feed-eontrol for cutting s 


Fig. 1623. Combining various shaping cuts in several planes enables the vertical 
‘contour band saw to produce very complicated parts 
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Fig. 1024. Separating the cap of à large, connecting-rod forging which is held 
ina fixture 


Courter of The LS. Starrett Company 


Fig 16-25. Hole saw. 
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for heat to transfer into the tooth. Certain materials such as sponge rub- 
ber, cloth, cork, leather, synthetic sponges, and corrugated aluminum 
are cut by slicing with a continuous knife blade that is revolved on the 
wheels of the saw. Intricate seroll work ean be done with spiral saw bands 
Grinding and polishing blades are used to eut certain materials, to deburr, 
and to break sharp corners. Electro-band machining is done by feeding а 
low-voltage high-amperage current into the knife band at a rate that 
causes it to discharge a sustained are from the knife edge onto the mate- 
rial being eut. A flood of coolant quenches the are to prevent it from 
burning the material. The material is disintegrated by the are without 
any actual contact between the work and the band, This band-machining 
process is used to cut heat-exchanger cores, honeycomb structures, fex- 
ible tubing, ete. The method requires a special machine and cannot be 
adapted to the ordinary vertieal-contour band saw 


Hole Saws 

Eole saws are used to cut holes in sheet metal, tubing, and in other 
thin metal parts. The thrust force of the larger twist drills would deflect 
and bend, rather than penetrate, these parts. The hole saw, Fig. 16-25, 
has a small twist drill in the center which drills a small hole before the 
saw comes in contact with the work. The small twist drill then aeta as a 
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Fig. 16-26 Drilling а hole ia tubing with а hole saw 
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pilot to locate and to steady the saw while it cuts through the metal to 


produce a larger hole. Figure 16-26 illustrates a hole being drilled in 
tubing witha hole saw. 


Appendix 


Table A-1. ANSI Standard Combined Drills and Countersinks, Plain and Bell 
Types (ANSI Bos 11-1967, Rog? 
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Table A-2. ANSI Drill Sizes, Their Inch and Millimeter Equivalents, and 
Millimeter Size Drills for Which They Can Be Used 
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Table A-2 (Cont.). ANSI Drill Sizes, Their Inch and Millimeter Equivalents, and 
Millimeter Size Drills for Which They Can Be Used 
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Table A-3. Some Frequently Used Conversion Factors 


- 
ө m 
Ed 

зы 
- " 
Tee ы ain 
E EN 
^ i 
ть (мен 
eae 

= 


ЕТТТ 


APPENDIX 489 


Table A-4. Decimal Equivalents 


тт ques 
4 03125 
E " 
à 
i 
4 “ 
nf 
i 
: i—i 
: "Em 
ü в 2 ло 
n 1734375 
+ 25 3 750 
risers 


359375 
375 


n- 
“_ 
d 390015 


s3 


ES 
uz | 
Е Е Eu ЕЕ ЕЕ es 


490 АРРЕМОХ 


Table А-5. Cutting Speeds for Machine Tapping 
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Band machining, 473-482 
feeding pressure, 464-467 
feed rae, 404-407, 474 
fling, 474, 477,479 
servo-coniour feed control, 477, 478 
threendimensional sawing, 478 
Bandsaw, ver 
Band-type 
Basie siae, St 
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Boring head, offset, 405, 436 
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internal threads, 373-375 
objectives of, 270 
on drill presses, 133 
Фа engin lates, 270-273 
‘on jig barera, 404-406, 433-437 
on turret ates, 388 
rincipls of, 7, 270, 404-406 
taper, 291-203 
Boring mill. vertical 308-402 
Brincll hardness, 1 
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Calipers, 15-18 
kear tooth (vernier), 348 
hermaphrodite, 15, 16, 55, 58 
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Center drilling 
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Center gage, 302 
Center head, 18, 19, 58 
Centering projector, 430 
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‘Combination drill and countersink, 223 
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for tapping, 134 
for thread cutting, 396, 357 
for turning, 162-172 
Cutting tools, indexable insert type, 185- 
189, 197 
Cutting fool materials, 172-179 
arbon tool steel, 110 
tast nonferrous alloys, 179 
Cemented carbides, 174-177 
veramie, 177, 178 
termets, 177, 178 
tubie boron nitride, 178 
diamond, 18 
Tor twist drills, ЦО 
high-speed stcel 173, 174 
polycrystalline diamond, 178 
Cylindrical grinding, 11 


Dial test indientor, 34, 35 


и. 300 
Digital readout пума, 242, 203 
Dividers. 65, 
Dei 
center, 23 
Fombination drill amd countersink, 223 
ore, 387, 388 


fn, 101, 102 
Point angles, 81-90 
relief angles, 8,85 
spade, 00, 101, 389 
split point, 86-88 
spotting. 433 

E) 


е9 
web thinning, 90 
Drill chuck, 158 
Drill jigs, 135-138 
Drilling 
hasie principles of, 7, 
chip formation, 91, 92 
feed rate, 12,113, 116 
hole location transfer, 130-132 
on a drill press, 124-129 
on a lathe. 284-209 
ın à turret lathe, 387-389 
versae amount normally cut, 83. 84 
power required, 102-107 
КЕ] 


‘thrust, 102-107 
torque, 102-107 
Drilling machines, 75-81 
gang, 80,81 
multiple spindle, 8,81 
radial, 78, 79 


sensitive, 75 
turret, 79, 80 
upright, 75-78 
Drill presses (sec Drilling machines) 
Edge finder, 420-431 
Edge finding. 121-432 
Eleetro-haed machining, 482 
Engine lathe, 139-155 
apron, 153 
back gears, ИЗ 
ern 
carriage, HS 
change gears, 146, 46-356 
‘compound rert, 162 
ross slide, 1402152 
driver plate, 296 
headstock, 142. 143 
headstock spindle, M3-M6. 
headstock spindle bearings, 143 
headstock spindle nose, 143-146 
micrometer dial, 199-152 
quick-ehange gearbox, 146-148, 351,352 
sda, 149 
Talstock, 13-155 
ways, HE 


Faceplate, 185,204 
‘eek, 205, 296, 305 
Jaws, 295, 206 
setups, 206-310 
‘work, precision hole location, 412 
Ais 


Facing 
hack facing, 192, 196 
тай of work, 297, 203, 204 
"hd of work held between centers, 194, 
28-20 
shoulders, 24, 245 
to trac faceplate, 204, 205 
Feed rate 
for boring, 272 
for contour bandsawing. 404-467, 474 
for eutting-of, 274, 219 
for drilling, 110-113, 116 
pi 


for urn, 170, 218, 228 
ln ona athe, 202 


ле Бава ка, 76. 
‘ell press, 136-138 


Twente 4 
Formulas for 
American 


landard Acme Threads, 320 
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American Standard Unified Threads, Jig borer, 419 
зи Jig boring practice, 421-437 
ANSI-ISO Metrie Threads, 326, 327 igning and clamping the workpiece, 


base pitch of metric thread dil, 360 ГЕЛ 
change gear ratios for cutting inch drilling and boring the hole, 433-437 


threads, 347, 356 locating the hole, 432, 433 
change gear ratios for cutting metric locating the workpiece and spindle, 
threads, 350, 358, 354 С 


change gear ratios for modifying gear- 
Бох output, 353-356 

cord of hole circle, 60 Jig grinding practice, 442-453 

‘equivalent threads per inch, 334,379 

IO-Metrie Trapezoidal Threads, 328 Lathe attachments 


power for drilling, 105 
Power for turning, 217 
serow thread pitch, З 


[IU eM er 
iba ен 
Notes Кс 

Qa ok me ae 


ligning centers, 231-205 


depth (vernier), 2 cle boring, 20-243 


fete (vere) 2, 
тос" Ste tuning 280-29 
nat hole, 18 ack facing, 122, 196 

1 эс operations, 22 
тис, 39, 10 eration, 
Taper, plug and ring, 281, 282 
telescoping, 
thread, pg and ring, 200-222. 
thread. roll type, 332 
thread, snap, 39 
universal precision, 40, 41 

Grinding attachment, lae tool post, 160 

‘Grinding 
indica 11 
ја, пач 
precision, 10-12 


‘nd facing 237-240 
faceplate work, 204-310 
facing, 194, 197, 245, 263, 204, 295 


‘grooving. 194,197,244 


га Бшш 
re necking, 194, 197, 244 
Бата Senet 
iets БЕА 
mms 


Indicator. dial test, 34,35 пп cutting, 362-381 
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ruing centers, 20, 231 
turning on centers, 220-251 
Lathe tools 
dogs, 226 


‘dll chuck, 155 
ані holder, 267,268 
Hosting reamer holder, 00,200. 
mandrel. 245, 246, 305 
Lathes 
‘tomatic, 392-397 
engine, 139-155 
hollow spindle, 141 
production, 397, 398 
Sliding gap-bed: MO, 141 
Turret, 382-292 
vertical, 308-402 
Layout machines, 70-74 
Layout procedures, 53-70 
‘Adjusting the layout, 00, 70 
for castings, 60-08 
for eylindrical parts, 55-68 
for equally spaced holes on а circle, 
E] 


for hole locations, 54, 55, 07-400. 
painting, 51, 52 

Layout seale 64. 

Leveling lathes, method of, 229 

Timits dimensional, St 


Mandrels sec Lathe tools) 

Machine shop, the work of, 1 

Machine tools general description, 2 

Measurement, basie nomenclature of, 51. 
Li 


uring instrumenta. 08-23 
checking. 32, 33 
depth mierometer, 31 
inside micrometer. 31 
MuleT-Anvil micrometer, 32 
outside micrometer 28, 27, 31, 45 
screw thread mierometer 339, 340 
Micrometer seale reading 
inch, 27-31 
etie 5-48 
Milling, 7 


Nominal Size, 51 
Optical comparators, 322-335 


Parallels, 41, 42 
box type, H2 
Planer gage, 40, 41 

Planing, 5 
Poser estimating 


ium utilization, 218, 219 

ons 

Precision, 52 

Precision hole locat 
Dbuttoning, 4H, 4 


methods, 403-153 


Quick-change gearbox, 16-118, 351, 352 
modifying output of, 352-356 


Reeamers, 2-96 
болт blade type, 300 
hand, 92-86 
machine, 92-05 
тож, 98, 96 


Resming, basic principles of, 92-06 
‘on ji borer, 436, 437 
fon a lathe, 268, 270 
Stock removal for, 95,436 


‘of boring tools, 194 
‘of single-point tool, 179-181 

tools, 342,344 
ат 


Rockwall hardneer, 161 
Rotary table, 438-441 
Rules, precision steel 
inch, 13-15 
mette, 


Saw blades 
Tor power hacksaw, 459-461 
for verteal contour saw, 407-473 

Sow guider adjustment of, 163 

Saw, bole, 482, 483 

Saving friction, 478-82 

Swing machines, 450-483 
Tandtype cutoff, 461, 462 
power hacksaw, 450-461 
vertical contour band, 463-467 

‘Screw threads (sce Threads) 

Shaping. S 

‘Sine Бог, 282,283 

Sine plate, 36,37 

Sime table, 408. 

Single-point cutting tools, 161-219 
rindin, 198, 199 

‘Single-point cutting tool 
‘end cutting edge angle, 182 
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ead angle, 182-184, 194, 271 
nomenclature, 179 
nose radius, 184, 185 
rake angles, 181, 182 
relief angle, 179-181 
side cutting edge angle, 182-184 
Single-point cutting tool design 
boring, 180, 197 270.271 
bronk-nose finishing, 197, 198 
contour turning, 197 
(cutoff. 189. 197.273, 274 
fend facing, 194,239 
facing, 1, 197 
grooving snd necking, 180, 194, 197 
Tough and finish turning, 197 
thread cutting, 189, 22-345 
turn and facing, 19, 196, 24, 245 
turning, 191, 192, 196 
Spot facer, 96 
Samare 
combination, 18 
cylindrical, 20 
method of checking squareness, 19, 20 
precision sce, № 
Surface gage, 39,40 
Surface grinding, 12 


Tap, 07-90 
Top drill sizes, 98 
Tapping 
by hand, 97,09, 100 
on a drill pres, 133-135 
‘on an englae ithe, 376 
on a turret lathe, 390 
Taper attachment, 285-287 
Taper boring. 291-298 
Taper ealeulations, 280, 281 
Taper reaming, 292,205 
‘Taper thread turning, 377, 278 
‘Taper turning, 285-280 
Taper turning calculations, 280 
Tapers 
American Standard Machine, 280 
Brown and Sharpe, 279 
Jarno. 279, 280 
Milling Machine, 280 
Morse 279 
“Tapers, measuring and gaging. 281-285 
Telescoping gage, 18 
Threads 
American National Thread System, 318 
American Standard Acme Threads, 
pe 
American Standard Buttress Serew 
"Threads, 322 
American Standard Microscopie Objec- 
"ive Threads, 319 


American Standard Taper Pipe 
“Threads, 321, 322 

American Standard Unified Miniature 
Serew Threads, 319 

American Standard Unificd Threads, 
pe 


British Association Standard Threads, 
323 

British Standard Fine Threads, 322, 323 

British Standard Whitworth ‘Threads, 


3 
definitions of terms, 311-313 
Interference Fit Threads, 321 
180 Metric Trapezoidal Threads, 328, 


зю 
‘Square Threads, 321 
Thread cutting 
‘on an engine lathe, 341-381 
‘Threadmes 
‘ating part as a gage, 332 


Toleratees, bilateral and unilateral, 51, 52 
‘Tool holders for single-point cutting 


Tool life, 168,170 
‘Toolmakers buttons, 414, 415 
Toolmakers microscope, 335, 962 
‘Tool materials (see Culling tool mate 
E 
Tool wear, 208-212 
‘built-up edge, 202-204, 207-200 


fank wear, 205-207 
notching, 29,210 
oxidation, 211,212 
pullots, 210 
Thermal cracking, 210 
Transfer punch, 130 
Transfer serew, 131, 132 
Transfer of tolerances, 458-488. 
Trial cut procedure, 240,241 
Turret lathe. 382-385 
Turret lathe operations 
oring, 388 


multiple turning, 387, 388 
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overhead turning, 387 point geometry, 54-0 
planning, 392 nomenclature. 81-83, 
Teaming, 389, 390 ас S3 
toller bar turning, 391 
Shade drilling. 380 Уо 57, 123,304,441 
Sart airi Vernier measuring instruments, 
stocks evel protractor, 21-28. 
tapping. 390 caliper, 2 
thread cutting, 300 depth gage, 24 
‘Turret lathe tooling, 387-392 ear tooth caliper, 345 
‘ombination stock stop and start drill. height gage, 24,35. 
5» Venier scale reading 
‘etter holders, 387 inch, 21-24 
foating reamer hol тк, 8-80 
multiple turning bead 387 Nernict bevel protractor seale, 24-26 
"ar cutter block, nz Vertical boring mills 306-402 
releasing type tap holder, 280 Vertical contour bandsaw, 468-467 
roller bar turner, 381 Vertical turret lathes, 38-402 
агония the bead, 390 
чы tool 388 Welding saw blades, procedure for, 471- 
‘Twist drill 31-90 anm 


formation, 90-92 Wipers marks, 55, 125, 409 


